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PREFACE. „ 


Mr. Gardner, chief Draftsman to the Board of 'Ordriance, with u te- 
rials for correcting a Map of that county, intended, at some ſuture 
period, to be published under the patronage of his Grace. In 
compliance with these instructions, our labours were directed to 
this effect the two following years, during which. period Mr. 
Gardner generally attended. us, having, been supplied with, s uſfi- 
en n all the ieee al emer 
is Mays Watte io ee Mis Jo 

It is to the nts purpose, v we r inform the Public, that 8 
m the ne no carrying on, our operations are intimately con · 
I with chose of Mr. Gardner, as very important advantages 
lad accrued to Government. from the accuracy with which their 
plans have been made. This has arisen from the union of the 
parties. In the years 1793 and 1794, Mr. Gardner, and the gen- 
tlemen of his department, accompanied us in the Surv: of the 
coast of Hampshire and the Isle of Wight, and have since finished 
2 military description of both, drawn on a scale of three inches to 
a mile: but these plans, together with one of the oountry round 
Tunbridge, and another of that round Bagshot and Farnham, are 
lodged 1 in the Tower, for the use of Government, and n. aub- 
mitted, from obvious motives of policy, to public inspection. 

In the year 1795. (Art. 152.) the trigonometrical « 0 era W 
were carried on in Kent, in conjunction with Mr. Gardner, from 
which, a very fine Map has been since formed, conta ning all that 
part of the country which, from its proximity to che coast, may, 
in process of time, become the eat of military operations. 

It has been very justiy expected by the Public, that from the 


| prezent — they ahould. derive, a ure N. 9 i 


. 1 


- PREFACE: , | ill 


. — gnoſrnfde of chicirtbomdtry and possess some 2 Ts 


general Map, published on the same prin iple- ENS Carte * 
 Fraice, a performance highly celebrated. 2H beet ved be 
Recognizing the propriety of this expectation, = persons to 
whom these 
with the wishes of Mr. Faden, i in permitting him to engrave, under 
certain restrictions, this Map of Kent for public use. At the time 
this affirmative was passed on the measure, and passed with the 
s2anction of his Royal Highness the Commander in Chief, the 


pages are dedicated, have been pleased to comply 


county had been surveyed only in a partial manner. To present. 


therefore, this specimen of military delineation in a perfect state, 
the Master General directed the operations of this year, 1798, 
should commence in Kent, be continued over the county till the 


of surveying the southern parts of it, that both sides of the 
river might be depicted on the plan. These instructions have 
been carried into effect, with the assistance of Mr. Gardner, 
by whom the Map has been finihed in a masterly manner, 
and will be W Faden in the course of enen | 
year. 5 
The Publisher of this work in exonerated hw the heavy 
expences which would have attended the engraving of the nume- 
rous plates, is enabled to dispose of the volume at an easy rate : 
and, as the measure will be eminently calculated to benefit the 
community, he trusts the same indulgence will be extended 
towards him in future, as that which he has now experienced. In 
this case, if lie executes * present intentions, such Papers 
| Y 
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Acconars rurveys of « country are universally admitted to be 


according to his eituation, more or less towunds its perfection; and 
these observations being ultimately collected, a map is sent forth 
into the world, considerably improved indeed, * which, being 
still defective, points-out the necessity of s 
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The rise and progress emen the 


Highlands of Scotland in 1745. and which was; finally suppressed, 
by his Royal en . ofiCunbetiandodt the battle | 


- 


ts 9 


of Culloden in the following yer; convinced Cement of what 
_ - Infinite importance it would be to the State, that a country, so very 
| Inaccessible by nature, should be thoroughlyexplored and laid open, 
by establishing military posts in iis m bt recess, and carrying 


8 ebene ene e to its remotest parts. bas 1 nr 


was encamped at Fort nude my „ . 
the late Lord Blakeney, at that time a Major-General; at which 
camp my much respected friend, the late Lieutenant-General 


Watson, then Deputy Quarter- 1 er-General i in North Britain, 
was officially employed. This officer, being himself an engineer, 


making, and the warm and steady friend of. the industrious, first 
vonceĩved che idea of making a map of the Higbilands. Rs assistant 
Quarter - Master, it fell tomy lot to begin, and afterwards to have 
= considerable share in the execution of: that map; which being 
undertaken under the auspices of the Duke of Cumberland, and 
meant at firzt to be conſined to the Highlands only, was nevertheless 
àt last extended to the Lowlands; and thus made general in hat 
related to the mainland of Seotland, che islands — 

lexxer-ones near the coast) not having: deen zurvey ed. 

—— is st ill rp and in nun- 


the ee eee eee eee —— 5 
carried on with instruments of the common, or even inferior kind, 

nnd the zum annually allowed for ĩt being eee exe- 
| cution of 50:great a design in the best manner, it is rather ti be 
considered as à magnificent military sketch, than a very aceurate 
map of a country. It would, however, have been completed, and 
many of its imperſections io doubt remedied : but the breaking 
out of the war of 1755 prevented both, by eee, HR A 
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active and indefatigable, a zealous promoter of every useful under- 1 
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eee been —— 
the nation would: have peaped the henefit; of what had been ad 
done, at nee 2 2115 4d Sem asi, 5 
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a a e ee eee hs: best executed in time 'of 
antes of em gehen + 
The peace of 178g being conc clude, and fc vines | 
ee or pear town, during the Whole of. that er. 
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t poacibly Serve 20 
a hint to the public, for the revival of che now ab 


Sure 3 namely, Richmond end Are, 8 — 
and Shooter's Hill and Waneted,'on the east: and thinking, that 


by _ 
as the best that could be madd use of in the 
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Ae sets forth the 
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the relative zituations of the two most famous 
Europe, Greenwich and Paris, would be more accurately ascer-: 
ples nn hr ons at prevents®-:Þ 711 io fiue bell fo 199idun © 
— tbe very respectable anda 
Prezident of the Royal Society; who, about the middle of No- 
vember, was pleased to communicate it to me, proposing at the 
e time, that I should, on the part of the Society, charge myself 
with the execution of the operation. To this proposition I readily 
_ amented, on being Soon afterwards assured, thrbugh the proper 
official channels, that 17 OED it met with his Majesty's 
Err non et 1 aaa Oi z tebie ron bn! 
of the Sciences are safficiently evinced eee 
„ Whose 8 Z 
What his Majeaty has: been, pleaned to give-oa:liberlly;c@t-is cur. 
duty to manage with proper and becoming frugality, consistent 
with the best posible exerution of the business to be done, 80 as 
to make it redound tothe credit of the Nation in general, and of 
this Society in particular.! rt. „ 
The operation, whereof we are now to give some account, being 
this country, naturally enough subdivides itself into two parts. 
Free of ee 3 the 
dispocition- of the | triangles, whereby the base is to be connected 
wih such parts of the coast of this island as are nearest to the coat 
of France, and e ee Oar , ro nn the 
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fore the Society; it having been judged 
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T will be drawn. -Ttis the first part ab 
a aubject of itzelf sufficiently distinct, eee 


that no time has been lost in miking naronable ngen than to 
defer the account till the „. 
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_ thence, in _ different directions, ito: the more remote parts of the 
ialand, it was proposed to Sir Joseph Banks, that the local cir- 
cumstances Should'be actually examined; 0 far, at least, as to en- 
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- Tho 16k dey ef Ape, 1764, being accordingly fixed on for the 
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partof the operation, in under to facilitats the menzurement, would 
be, the clearing from furze bushes and unt kills, a narrow tract . 
along the beath, 285 3008 2s. 1 be een * 
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+=. Chiefly with = view to the more effectual cxecation of the 
work, it was judged-10 be a right measure to obtain and employ 
the ground, and aisting in the subsequent operations. For, at 
the zame time that this was obviously the most frugal method, it 
was evident, that zokdiers would be more attentive to orders than 
the necezary centinels, particularly during the night, for r guard- 
ing such parts of the apparatus, as it was foreseen must remain 
carefully untouched, in the frequent 1 interims of discontinuing and 
wenig the work. . Accordingly, ar if eget repens of = 
foot, consisting of a serjeant, corporal, and 20 men, were ordered 
to march from Windsor to Hounslow Heath, where: they encamped 
on the tk of May, chose by Hanworth Summerbouse, to which 
xpot-the nevemary tents, camp cquipage, 6nd anwranching nab | 
rr 240 hangen e 
. .. dixection given to.the 
Jace, comidered by itz extremities, from ee lung the plan it will 
ey appear, that it must always necessarily lend through the 
| narrow-gorge of the Heath formed by Hanworth Park and Han- 
worth Farm. The firs point therefore to be attended to, in tra- 
ing it 6ut, was, that it might lead through this pass, without inter- 
fering with certain ponds, or gravel-pits full of water, which are 
in it. These were cavity avoided by carrying the line pretty near 
to Hanworth Sumumerhouse ; and: in directing the telexcope from 
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W it was accidentally. found, that by 
leaving Hampton Poorhouse a very little to the Westward, or 
right, the line would coincide with a remarkable high spire, seen 
at the distance of eleven or twelve miles. and known afterwards to 
be Bansted Church. As there could not be a better situated, or 
more conspicuo euous object than this, therefore the first or south east 
section of the base, comprehended between the Sui ouse and 
the angle of the stnall field adjoining to Hampton Poothouse, was 
immediately directed upon it; and the soldiers were the same day 
set to work to clear the tract, which, at a medium, was made from 
two to three yards in breadth. This operati continued eight or 

ten days, owing to the lower part of the Heath, 3 
River and the Pocrhoune; ang uu bra with end. 

When the Elearing of the first section was completed, — 5 
comprehended between the Summerhouse and the great road lead- 
ing from Schines de Lomdom was.traced-out in the following man- 
ner. One of the pyramidal bell-tents (whereof two had been pro- 
vided, one of twenty-five, and the other of fiſteen feet in height) 
being placed at the station near the Summerhouse, camp colours 
were then arranged from distance to distance, so as to be in a line 

with the bell · tent and Bansted Spire. In like manner, the third 
section, comprehended nee ee 1 
55 | bour, was traced out. 

"This fir trveing'of the have wi done- by tneans of, a common 
telescope held in the hand only, that no time might be lost in em- 
ploying the soldiers to smooth the tract which was to be measured; 
because the transit instrument (my own property, for which 4 
portable stand had been for some time preparing) was not yet . 
ready to be applied, neee wag; ee ene, | 
ads | 2313-24813 10 | 49 1499 

The camp still remained, where it was originally pitched, at ths 

worth Pa - this being; awer convenient position, 
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. of the base; but it was hop "I 
rely than any thing of that kind had ever done | 
7 Ctr one r- the measurement 
mn future: an | 
to be tedious and 9 to which \ we may now furthe | | 
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Some alterations that were afterwards made in it), 
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zero, and the other 100 feet. 
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to the Plate it will b 


into the upper. aurluce of the rods, within one inch;and. + halo. 
the extremities of the tippings. Tbese ivory 
fine black lines cut into them when: the 1 s of the rods v 
laid off, in the manner hereafter to be mentioned, and 
. — 


7 — 


1 


—— rose above the stem 
2 an 33 


other, six spaces of forty inches each were marked off by the side - | 
of the wire, at which: points: seven bras pins, about one-tenth of "0 
ir were driven into the wood, and tlicir tops 
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. — mark! of, by e, — 


rin —— on dhe third in, 
the middle of the wire. — 29 60inwa © Mien wr 
next described on the same pin where the first had been traced. 
In this manner the six times forty inches were 1 A off. alter · 
mn. with dots and arcs: a method found by Mr. Ramaden, in 
to be more accurate, than when 1 only are made 
uag ol. aut zone 0 tab S i i 38 n nd of 
| The exact length of twenty ſet, thus obtained, was next taken 
thetops.of the bell-metal-cocks, placed; as:has-been — 
tioned, on the side of the standari rod, in such manner as to leave 
more than one inch and a half of the said coc beyond or withaut: 


me lines denoting the extent of the twenty feat. Tune 


dard, ondedely: rides applying clogs; to-the;cocks, the « of: 
twenty feet was readily transferred from them to the inlaid. ivory 
| Pieces, on 2 4 © pay eee ane 


88 exch other; 1 o theirs length, mme pace 
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more than one foot in a thousand in the distance of ſive miles, it | 
was easily seen, that the computed base line, or that actually 
forming a curve parallel to the surface of the sea, at alen height 
r ort c 

i notice, had it ni eee mee 

much one end of the base was really higher than the other; and 
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nos the world, that in an operate, ga, eg — 
From the trouble and ee a 
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— — — to compute; the base lines. 
Thus: it A. Honor 


their surfaces might be brought more 2 coincide with the 
Iine passing through the air from one fixed stand to the other. The 
fixed stands in their first state, represented by that towards the 
left hand in the eee ds, — . — 


N add Gottil gane tam; 3 
left · ha stand of Pl. IV. ) which) made IE 


feetand a hal. — — legs ext 
about three ſxet from each other; and being braced diagonally, 
— ono fa _ 


Sams is HN _ 13101915 = bun Obi 11 N e 
The nature of the wee ee ee el 3 
no fewer than seventeen provided; will be comprehended from the 
representations of them towards the right hand in PI. III. and IV. 
Their general construction, in what regards the part of them which 
A differs not from mar the mum 
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which pazing through one of the an iran plate, fixed 


in the inside of che pipe, against eee sides of the 
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make mention F — 
cue feet are fagtencd to the table on thedop: dende The 
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bn picets driver into the groumd- une Properiy levelled, hon 
be used to receive the legs of the stands: Acc ſor the 
operatioh' with the glass rods (PL IV twenty Such triangular plat- 
forms made of inch deal, Whdse sides were | 
a enittiber' 62 esch pickets, toured abide half een 
of differentlengths }from seven to twelve or fourteen inches Three 


of these Picketa short or long as the situation required; being driven 


* 


carecthd ä ere laid — pram Each ef 
the beech pickets had a hole bored through its top, fit to receive a 
piece of strong tent-line; by which, and the help of one of the camp 


P 
was to be removed to a new situution- ET 
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9 8 In Sar tres the line of 200 yards or 600 feet through 


the air, from one fixed stand to che other, it was usual, in the first 


place, to 1a cord extremely tight * the ground, and to 
divide the space into rod lengths, by small wooderi pins placed 
cloge by the cord, whitch remained there, and accordingly 
very nea ie yoo: omelet vr me 
| about fourteen inches in 


Wage, and a half in breadth; painted white; with a'narrow 


black line along the middle of it, being prepared for che purpose, 
was laid on the surface of the farther stand. The boning teles 


fourteen inches long, and one and a half in diameter, wich a 1 


r — was divided ſs e 
of 200 yards or 6 ſeet each, where square pickets were driven 
into the ground, n numbered. . 
5 E 


Bat with the rods of twenty fees three inches, the day's work was 
te apangs4 nor any un 
— became the point of 
i en Rama | 


SET 7 r 


ads De ; 
of an innertadtrancated cone, whart mcen diameter is four inches, 


It was placed in a hole dug for it in the earth, immediately under 
K „ 
Sia dn att i | 1 

and elevation of it in EI. III. It convists of two strong pieces of 
beech wood, mortized into each other, 0 as to resemble a half 
rr 5 
wood, and are faxtencd tot by age — n cn. 
of the tripod lies a similar half crow of mahogany, moveable by 

means of grooves in the direction of the longest side, and fixable | 
| by its proper screws, when brought to the desired poition. This 


mahogany half-cross carries on its surface a brass ruler, move- 


able at right angles to the former direction, fixable also by means 
2 anon whom enhance a nery ling intaragetion. 
FTT 
2 — PORN 


1 1 


ö 4 by a fine gil win, ee. = 


—— ————— 
20 near to touch the wire, and there made fast. This 
being done, the mahogany half-crom y moved backwards 
or forwards, in the direction of the line of meazurement, until the 

intersection, as zen by a perzon hig down on the ground for 
the purpose, accurately comcided with the gilt wire, where it was 
Hei fastencd by its proper crews. A tent was then pitched 
very near the apparatus, for the zoldiers who furnished the centinel 
for its security, ũſ the meanurement was rezumed and particu- 
c ĩ —˙— A 242 nc, 
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refer to the zame point, on rin that might arise of cor- 
rection or repetition of the work, it had all along been ſoreseen, that 
—— 0 ths: ground | 


. crc Gupta, by idle or 3 
_ people, without very conSiderable Eibour. Mr. Mylne, F. R. S. 
was accordingly requezted to order two pipes to be provided, 
about i feet in length each, and one foot in diameter, with a 
bore of four inches in the uppermost end, for the depth of two feet, | 
and cross arms near the lowermost end, in the style of the common 
warping pasts. As am improvement on this idea, Mr. Mylne very 


"* That this might he comeatcatly — was placed, under the 


S rod, about four feet from the fixed cad, 2nd its table clevated till, by bearing 
against the lower part of the ce, it received its weight. "This permitted the stand 
ht data 
Ez 


and then be secured by a bolt underneath. Phis altora ion was 
approved of; n . eee 
nnn 5 38; 
I be plan ebe ee ths dichedide 
downwards, are represented towards the left hand in Pl. III. where 
it will be perceived, that n made of 
ä The top of the hips is also secured 
exteriorl by an iron hoop, and has a cast- iron box driven into it, 
whose inner diameter is ſour inches, answering to that of the bore. 
Four oak piles for each wheel were prepared to be driven into the 
bottoms of the pits dug for their reception, which were six feet in 
diameter, and the same in depth. The soil near Hampton Poor- 
house being of a loose sandy nature, there the piles were easily 
to the surface, with which its mouth is even. But the soil at King's 
Arbour, being a hard- bound gravel, the piles could not be driven 
mann of _ pit; er e en resis 
————— was _ the first tendel 
do be placed in the pipes, for which purpose it has two ds; one 
_ a semicircle, with the central pee arten by a line cut on its 
diameter, brought into the direction of the base; with which line 
the gilt wire, suspended at the extremity of the first rod, was 
made to coincide on the commencement of the measurement. «; mn 
other lid has a very small hole made in its centre, through which 
the plummet wire i is to pass, when suspended from the oentre of 
the instrument. hereafter tobe — ſor the determination 


by 
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of the angles at the bass, or in any other. station whatever, where 


it may- P | 
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10. Having in the preceding din of f the x woos. instru- | 
ments, originally provided for the measurement of the base, fully 
explained their constructions, uses, and modes of application: and 
having thereby anticipated, in a ee what mut daher 


blended wirh that of the executi - little more now remains to be 
given than the journal of our procetings from "we to ns 
the ultimate result of the operation- 
Mr. Ramsden having produced Me ednet les 1 with the 
portable transit instrument; and having lent us an excellent tele- 
scopic'spirit-level, for determining the relative heights; two sections 
of the base being like wise cleared by the soldiers, and some progress 
made in the third we found 8 16th of. So in 
readines nee aan 13 
Lieut Colonel Calder wood, of his Majeaty's 8 Mees eee 
F. R. S. had; from the beginning, been s good as to promise his 
assistance in the operation. Lieut. Colonel Pringle. too, of the 
Corps ol Engineers, obligingly became a volunteer on the occa- 
jon; as did also Mr. Lloyd, F. R. S. afew:days aſterwards; while 
Ensign Reynolds, of the g4th regiment, who had for some time 
past been employed in surveying che environs of the Heath, con- 
tinued that work with such spare hands as could be afforded; him 
for that purpose; and it is to the Plan (Pl. I.) done by that offi- 
cer, that. it n noogheniey to refer. in-any * regarding 
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and letting it drop again, so a8 to bring the whole into the same 


one towards the middle, to lay it close to the rope, or to bear 
: it We in 1 any particular plage. where- the circumstances; of the 


n 1 - 
— 6 . * — —— ee — — — - 
x AGE 
i - RA 


— v 


— — 5 
— —  — —— YT — — I 02> 
_—_— , Gu on 
P — — 
4 n 
— — a 4 N 
. 
Ll ; 
” 
» 
* . 


= 0 V N 5 5 Rr: i 


eniiehed-by a St. George's —————— Wire. 
five feet in height; and one of the x aal bell-tents still remaine 


| at the station near the Summerhouse. A rope n 


made very fast by a strong iron picket, dri yen into the ground at 


| the bottom of the flag-staff, the other end was carried on along 


the base, and placed at the bottom of a camp colour, in a line with 
the bell-tent. The rope 3 strong iron reel, 


red for the purpose, was thereby stretehed extremely tight, 
a person occasionally lifting neee ator: aces, 


straight line. Five persons were necessary ſur the proper manage- 
ment of the chain; two at each end for its adjustment there, and 


Sach precautions: useful. The zero or rear end 
of the chain being straĩned back, 80 as to coincide with the point 
of commencement, a steel arrow was placed as ereot as possible in 
the semicircular cavity of the brass handle at the other end. The 


chain bein gthen drawn on, till the cavity in the rear handle could 


72200 mtr my 


mack more than an . and 8 
with No. 1. cut upon it, was driven into the ground, till its head 
was nearly level with the surface. It is however to be rem 


* . 


that the sixth arrow of each hypothenuse was constantly left in 


the ground till the first of the sucoeeding one was placed, to avo,FE“ 
the error that would have otherwise arisen in applying the rear 


end of the chain to the picket instead of the arrow 


qpace of about three hours and late the first 
th. east section of the base. comprehending the chir- 
3; between the flag-staff and station near Han- 
180, — being ee Jes 2 
e i ibi . no DIG 18 } 50 169% Wh N 
n de auboequent. day this section was re- mea es with equal 
| care, whe {me total extent fell short of the thirteenth picket only 
five inches. And here it is to be observed, that a considerable 
part of this difference probably arose from the stretching of the 
chain across Wolsey River, at the same time that the irregularities 
of the ground are greater in this than in either of aur aber two 
Sections. The mean heat t of this day was 63. 
The operation with the chain was zuspended nies the 8th ng 
19th, of June, those days having been employed in settling certain 
matters with Mr. Ra: lative to the deal rods, as well as to 
give. tms far the making of al dfast for the rear end of the chain, 
ny hog by. Liept. Colonel Pringle. - This machine. whereof the 
chain, a5 it is in mal by the, two, elevations adjoir ing in Pl 1, 
consists of a 5emicircular. iron plate, from the, bottom of which 
rojects tuo double and one single prong. In the middle, between 
tyo double prongs, a semicircular cavity is formed, fitted to receive 
the steel arrow on one side, while that in the bra 
the gther. ln 3 gocket in 0 middle, a 


Chain being applied hes arrow, the holdfast. embi races V 
double prongs the straight part of the brass, and in that position. 

forced into the ground by the n of a man at the handle, | 

end of mas ain 


4 
vy we efforts of the two men at the other End eee 


its true position, for the front arrow. Sl 17 — 


On Monday, the a ist m | 
measuring twice mme chain —— 1 . 


the base, between Hanworth F north-west 
EE 


boldfast being now applied, the two 
one inch and a half in the distar 
of accuracy is alone suſſicient to prove the great excellence of the 
chain, although another will be given hereafter still more surprising. 
On the same day that the gecond section of the base was mea- 
Er the levels of that and the first were taken. The operation 
of levelling is so universally known, as to render any detail of it 
unnecessary. It will be sufficient to a. that the spirit · level made 8 
use of on this occasion was a very good one, about eighteen inches 
— length, and could at all times be very readily and accurately 
adjusted, by inversion in its Y's. The tops of the pickets, marking 
the hypothenusal distances, were the points on which the levelling 
| rods were placed on each side of the level; which being inverted 

: at the intermediate picket, points equidistant from the centre of the 
earth were thereby obtained at the cross vanes of the levelling rods, 
and no correction for curvature or refraction necessary. It will be 
| e 5 understood, that the relative —— 7 ur 


——— shew distinc — reeling 
to the levels of the whole base, those of the third section having 


deen determined on the 22d of June. n 


ing the chord BE - of DE, th following analogy i A E _ DB 


DB: that is, the Square; of 


between the lower extremity at Hampton Poorhoue,and the higher 
near King s Arbour. 


The computed numbers in in che Seventh column are * reduc- 


tions * depending on the aforesaid heights, or the differences be- 


tween the hypothenusal distances of 600 feet each and the reduced 


base distances. With regard. to the remaining columns of the table, 
or those towards the right hand, they will be severally spoken to 


hereafter, i in taking. into consideration the expansion of metals, as 


15 ia with b got accuracy by the experiments with the 2 


rometer. 

Hitherto no use e had been made of the transit instrument : for, 
in order that it might be applied to advantage. there was a neces- 
| sity e the wheel into the os at the lower end of the 


"FE. TT 5 * 


Ki mae eee Mating onde 
| the $quare of the hypothenuse, actually measured, and the gu of the height found 
by the level; and Lieut. Col. Calderwood FF 
method. Thus, in the annexed figure, CE being the hy- | 
pothenuse of boo feet, DE the perpendicular height obtained 
by mnoees chats cti n 


| obtained; AB: BE::BE : DB; comequently, Aff 
the 


| eight being divided by double the distance, or 1200 feet, the quo- 


tient is equal to DB the reduction, without sensible error. For if DE were four fect, 
the greatest perpendicular height in the base, BE the chord would only exceed it 
| 2252p, Which would not be more than 75 part of an inch. The difference be- 
.. ———— OS 
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its first position. The same operation was repeated at the twenty- 
sixth station, on the farther bank of the Staines Raad; and, lastly, 


at the ſorty-sixth, forming the north west extremity of the base; 


9 85 transit instrument, in the ame vertical plane with Bansted Spire, 

it was easily seen, that by arranging camp colours in the intervals 
at any time, all the other points might be brought ao nearly tocoin- 

_ cide with these first, as not to occasion, by deviation, any sensible 


1 1 — * . 
- nt 


— e - 
y - = 2. 


L 84 1 
base, and 80 to modify the St: 's flag taff that, being placed 
in the pipe, it might be steadily Supported by braces in a true ver- 


tical position; which we found, * could not be ef- 
fected by ropes only. 


The wheel being accordingly lajd i in its s place, and wether: pre- 
cautions taken for Securing the flag-staff, which was likewise paint- 


5 white, that it might be more distinctly Seen from the farther ex- 


tremity ; : on the a2d of June, the transit instrument was adjusted over | 


the thirteenth picket at Hanworth Summerhouse, while directed 


upon the flag staff. But it being now found, that the vertical plane 


passing through the flag staff fell to the east ward of the centre of 
Bansted Spire, therefore the transit was gradually moved to the 


eastward, until by repeated trials the three points were perceived 
to be in the same vertical plane, when the picket was moved, and 
replaced exactly under the axis of the telescope, a few inches from 


where a pit was immediately dug for the wheel, which was placed 


therein, without however filling in the earth for the prezent, that 
being deferred till near the complet 


m of the measurement with 
the deal rods. Thus the two extremities, and two intermediate 


points of the base, being accurately placed, by the help of the 


error in the measurement afterwards to be made. This application 
of the transit shewed us, however, that some labour had been lost 
by not using it SOMNET 5 — at n d. 
ate, , for this true ae and at King's Arbour 1 was twice as 


nnn r eff £3, 
" Ow'the caine dey (ae th hi putts ke ThE be We ved by 
means of the transit, and the levels of the third section taken as 


pervtar . io beobneroed,tha this laxt section 
cſſciently cleared to dmitofts being done tothe bet adramtage 
and, when completed, it was judged to be better to proceed directly 
in the operation with the rods, than to lose time in the usual repe- 
tition, since the merits of the chain, in this way of applying it, were 

already sufficiently well established: and any future tests to which 
it was to be put were propos to be of a more rigid natore. 
When the length of the chain, in its original state, was ascer- 
tained by the dots on the brass pins in the New England plank, it 
was found, in the then temperature of 75", to exceed the 100 feet : 
by near one quarter of an inch, or 'o.245 inch. The 2 ths 
temperature of 6g}, being that in which the lengths of the deal rods 


were laid off, and differing very little from what was likewise the 
meant heat of the air, when applied upon the Heath, the chain, ac- + 


cording to the experimer s on the expansion of the very same steel, 
would exceed the 100 feet by 0.161 inch, or 0.0134 foot. Hence 
the sum of the three sections of the base, 274 chains, being multi- 
plied by 0.0134 foot, we shall have 3.6 ſeet for the equation of the 
chain + 4.55 feet, to be added to its length, which will then be- 
come. 27408.22 feet from the centre of one pipe to the centre of the 
other : and this would have been the true length of the base, as 

F 2 


number and height, in every space of 600 feet, their united effects, 


were brought that afternoon by Mr. Ramsden, together with the 


2 


* 


bee es indict aye, But, 
although the ascent of Hounslow Heath is so «mall, and so gradual, 
as to occasion little more than half an inch of reduction, from the 


46 bypothenusal to the 46 base distances, into which it is divided, 
as may be seen by referring to the table; yet each of these hypo- 


which affect the measurement by the chain, in proportion to their 


including the lateral deviations from the true line in measuring, do 


somewhat more than compensate for the extra- length of the chain, 


as will be seen hereafter in comparing the W 
now obtained with that given by the rods. 


The weather, which during the een eee err Jad: boem 
wet, became still worse towards the end of the month and first 
week of July; so much so, that even if the deal rods had been ready, 


they could not have been used with advantage. The Soldiers, ne- 


vertheless, were. not idle, being, when the weather would permit, 
partly employed in clearing the Heath, and partly in assisting Mr. 


: Reynolds in the Survey, towards the perfecting of which many chief 
points were fixed by means of my astronomical quadrant, placed 


for that purpose at several different stations of the base. At this 


time tao (July 8th) I levelled from the lower end of the base to the 


ene nne 1 the dee be 
36.1 feet. 


Meaurenent of the Bass with the Deal Rods. PL I. and III 
11. Such extraordinary care and pains had been betowed in the 


construction of the deal rods, in order to render them the best 


which had ever been made, that, although begun early in Inne, 
they were not completely finished before the 25th of July. They 


3 


various parts of the apparatus.necexary for * in 
the field, to the camp, now. moved from Hanworth Summerhouse 
were transported, early next morning, to the pipe near Hamp- 
— Where we ey . N Banks ac- 
tn, ll realy 0 lend their cee in d 
— Lawrencys farther, Delete bee datos + 
very gratefully to remark, that the respectable and very worthy 
President of the Royal Society, ever zealous in the cause of science, 
| Ne had repeatedly visited the Heath, to offer aid, if auch had 
necessary, while the first and rougher part of the operatĩons 

were going on; now, that others of a more delicate nature were 
to commence, and where it was of importance, that those entrusted 
with the execution should meet with as few, and as Short inter- 
ruptions as possible, not only gave his attendance from morning 
to nĩght in the field, during the whole progress of the work; but 
also, with that liberality of miad which distinguishes all his 
actions, ordered his tents to be continually pitched near at hand, 
where his immediate guests, and the numerous visitors whom 
curiosity drew to the spot, met with the most hospitable supply 
of every necessary and even elegant refreshment. It will easily 
de imagined, how greatly this tended to expedite the work, and 
how much more comfortable and pleasant it rendered the labour 
to all who obligingly took part in it; but more especially to him, 
who, being a volunteer in it at first, considered himself as bound 
to persevere in his best endeavours eee 
clusion. 
r _ n 
will be remembered, that they are fitted to be applied in measur- 


be the most n ́—— 


and the brass cup filled with water put in its stead, all the neces- 


— he ot een n_m A gay 


half of the first hypothenuse. 


surement, at least until a more convenient apparatus could be 


5 1 
from each extremity, or 8 contacts of the spherical lips of | 
the bell-metal with which they are tipped. The first, seeming to 


by which: we proposed to set out. 
The flag- staff having been — wy. 


sary precautions being like wise taken for preserving the line of 
direction, horizontally, by the rope stretched along the first hypo- 
thenuse, and vertically, by means of the boning rods ; the first 
ivory line on the first rod was brought by the plummet to coincide 
with the centre of the cup, in which position, being clamped, it 
accurately marked the commencement of the base. The second 
rod being now applied to the first, and moved up by the apparatus 
formerly described (PL III.) till its line coincided with that on 
the first ; and, in like manner, the third rod being applied an the 
alternate side of the second, moved up and clamped as the rest; 
thus the exact distance of sixty feet was ascertained ; care being 


firat rod to its stands being bat Ab by two 
men and laid on the alternate side of the third; and so on in 
succession, until fifteen .. ae 


Meta a——at gas . 
feet was not less than five hours; owing, as has been formerly _ 
mentioned, to the confined nature of the apparatus for moving the 
rods on into coincidence, which required such nicety in placing 
the stands, as Bae not be effected until after several repeated 
unsuccessful trials. All the executive people were therefore of 
opinion, that it. would-be proper to discontinue this mode of mea- 


thought of for the purpose; and that, in the mean time, we should 


C993 
proceed by the method of conticts, as the ouly alternative we 


cout aps Kr mater . wh 
T. is being acc | lingly p b n nr | 
we soon made greater progress, finishing — of the 
day at the middle of the fourth hypo henuse, Where the tripod, 
with its guard, was placed, to ee 158 nt n comimence- 1 
ment for the ensuing morning. ys PE ba 
The measuring rods, when put ante the (ben in Lohn, had 
been compared and found to agree with the standard. The com- 


parison was not repeated on the 16th ; but this being done on 
the 17th, at * A. M. under the oil-eloth Soon Hi at "the camp, 
they were found at a medium to exceec y one- 
abe pots an inch, the temperature ern being 627%" Ater the 

ey were carried to the plate of the tripod, when 
operation was resumed by bringing, with the help of the plummet. . 
the same point of ere e which we had left 'off \ work, 
ection'6h the brass ruler. The ir 

ment of this day was closed at the end of the ee rypot 
when the rods being carried back to e hal 
found accurately to agree with the standard. FRAN e 


A onderuble vey in the” barometer, between the evening of 


5 Bo. £25 Fa 1 - ” n S 0 2 
: 3 4 '£3 18 i Rg, FFF 38 
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eee a2cquiesced in the change thus become necessary, yet it was wit 
a it left undecided the contested point, with regard to coin-- 
cidences and contacts. If we could have proceeded with the coincident. rods: till 
eighty- one lengths were measured off, and then measured back the same space by 
placing eighty rods in contact, the point would have been clearly settled. For if the 
termination of the eightĩeth rod agreed exactly with the point of departure, contacts - 
being the most expeditious would have been judged the best method. On the con- 
trary, if the cighticth rod fell short of reaching the point of departure, there could 
have been no doubt, that the difference must have arisen from butting one rod against 
the other, whereby a certain small proportion of each rod came Nu Jout in, the. 
account, by being nheacured t twice over. | 
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and continued there some time; but the weather be 


— 1 4 40 1 
the 17th and the morning of the 19th, porte 
theless, all parties repaired to the place of rendezvc 
appointed at the lower end of the base, in order 


er to remeasure the 
two first hypothenuses, by placing all the rods in contact, which 
on the 16th had been done partly one way and partly the other. 
The operation being accordingly repeated with great care, the point | 
of the sixtieth rod, which formerly corresponded to the centre of 
the second picket, was now found to be pushed forward exactly. 
forty-five inches, answerable to the deficieney on the fifteen coin- 
cident rods, with which the mensuration was begun. It now 
began to rain, therefore the rods were carried back to camp, and 
being severally compared, they were found to exceed the standard 
each by one: thirtieth of an inch, occasioned by the mee 
Humidity of the air. A heavy rain ensuec 


4 


ed; and what madethis much 
more regretted by all, was, that in the forenoon their Majesties 
gracioualy condexcended to honour the camp with their precence, | 


worse, it was utterly impossible to shew their Majesties Dann 
of the operation, by any progres has ould at that. time he axnde 
in the work. e ito agt a7 
nnn of. eee * — —— * 
the operations were resumed at g* A. M. of the 2gd, when the 
rods being compared, were found still exceed the standard by 
3 inch, and the temperature now was 61*. Here 
is to be observed, that in our progress forward, an accurate 
ger ies de all along kept of that point of each rod corre- 
sponding to the centre of the hypothenusal pickets, by noting its 
distance from either end, whereby the error of the chain at each 
station was readily discovered, at the same time that the revolutions 
of the three rods served to keep the account of the total measure- 
ment. In order, thereſore, that this method might be istin 
adhered to, 2 . 8 
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At this time Lieat: Colone * — could not conveni 
lend us his assistance in ihe field; but he visited us occa 
—— to mayhem 


„F PER cnn" — 
5 who appeared averse from the trial, because of the great 
. length of the rods, and the brittleness of the material. Neverthe- 
les it eee Fea that glass rods or tubes of the 

towards it, would be much 


„5 NT A acted Ea 
communicated to the standard bar, the rod, and tube respectively. Either r therefore, 
the natures of the glass rod and tube, made use of at that time, must have been, very 
different, to cause the difference of expansion; or some circumstance in the instrument 
unattended to, had occasioned the fallacious appearance: for it will be found; from 
: a the experiments hereafter tobe given in detail, that a clidͤg!as pendulum rodexpands | 

Sally as mach 9p; nay; in this even more than a tube; bur ferent 
e nl eos 


on this Heath 
comparing the 'rods with the 5 | 
they were found to exceed b) one: fortieth of an ùù, 
* n The forward. end of the 


rod now placed over the tripod at No. 27, .completing' the Booth 
| h, reckoned from the lower'end of the base by rods of 243 | | 
.and the to 810 rods of 240 inches; it 
was aagged proper o mark a point upon he ground correspond 0 ä 
. ing to this forward end, that it ra t be referred to in returning + | 


of 24g inches each 
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as given by the deal rods, without regard to 
tion of th 
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"Of gd — the rods were compa | 
A. M. and found ont) to oy E | 8 
inch. Being ar at the middle of the forty- first 'hy! 


a point: — voce run end ot the 191gah"rodiwas 


as had been done at the — Stationen 
ment was then continued to che north - west ext 8 
hich was found i in the 


inches, where the tripod was 


point which of course corresponded to the 1 goth hort rod ef 24% 
inches each, equal to 348800 inches, or 74e feet. To which 
distante we have yet to add 4.31 feet; being the space intercepted 
between the intersection on che tripod and the centre of the pipe 
marking the north west ex | ade; Whose ti 


* pe 


 hypothenusal line, becomes 27 404; * beet. A N 
to be observed, that the intersection on the tripod termina 
27490 feet only overshot the picket" answe 
by two inches and'nine-tenths.”' But this mice a 
the result by the deal! rods] and that Fur 

zureme with the chain, ari arises from 
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The measurement with the 4 raab 
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Hud. G03 lang. Expand * e e * 5. AR un 
| einten een n atk ance 
receive , that very straight fibred deal was 
not at all, or but lietle, affected: longitudinally by the humidity-of 
the air. That . to fallacies 
of this sort, the standard rod had 1 | 
always ee che wp: its e 
n, could: feel but a — — 
which the measuring rods suffered; these being constantly ex- 
posed to the open air throughout the day, as well as to the mois 
ture of the night, when lying under the cloth canopy. FM. 
Standard rod, it is true ; could not be accurately comp. 
25s ccale : for although, when constructed, brass p 
ibn and had been driven into its stem, ſor the pose f 
sueh comparison, yet these had e eee - 
loves this; neee, them aten ee eee 
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from ay experiment der, to eee the bet dee 
ol the standard may be pretty nearly ascertained. But since there 
are some contradictory” ciroumstances, soon to be mentioned, in 

the operation with the deal rods, which would have made a repe- 

tition of it absolutely necezary, if we had not now obtained those 

of a'different k kind, so very uneneeptionable in their nature and e 
mode of application, as, in the case, to admit of no com- 
petition between the two results, and: to render it improper on : 
IE to have farther recourse' * the e en ean 
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in future: Po Ot CE An ws 
About the 10th of Sky! watt; vw Eno] nd the 
other of Riga deal, being measured 

n re in Mr. - Ratnsden' « chop. and hat 

the top of the ren win ay remained: noel the. 26th. 
| weather, For this hogan e Ui ne, having: been very 


tity ol turpentine which it N is more susceptible of the 
effects of moisture than New. Englan d white wood. Mr. Rams- 
den likewise finds, that the great plank so often mentioned, 
in ordinary summer weather, an alter e b 
traction, amounting at a n 8 een of an Vn. ever. day: 
that is to say, if the distance between the twenty- feet brass ys. 
be measured-from the, scale, by means of the beam- 

| the evening, it is found to have lengt 1ened next morning 0.004 N 
of an inch, by the humidity of the i inter ing ROWS: * the | 
eourse of the following day it contracts again to its dength, 
and so on. Mr. Ramsden has often observed this ee. ee 
in the deal plank; but it was particularly on the 11th and 1ath 
of August, that the quantity was actually measured. It will 
readily be understood, that any difference of temperature Wich 
might have happened in the brass scale, at the times ol compari- 
son, was always carefully taken into the accoumgnnt. 


% * * 4 . 0 


No, from this last experiment, it seems probable, that we 8 
not be very wide of the truth in supposing, that the standard Heal 
rod, which lay,cloged.up,i in its chest, under the canopy on Houn- 
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1 | of July, 2 therefore has been extimated,|. 
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— preceding; wile, ft will appear, that the total 
cuplatiee of the 2270 Graf cane infaliataient cqnnharive 
the lengthening of the wtundard, amounts 'to 24225 inches, or 
n ln 
man} kagth, =7466.25 feet - and from this dndacting 007 foot, - 
05 edn > heap ao tnp—_ table of the 
A chem Dep one M ro, 
redaced to the level of the le. or that at Hampton Poorbouze, | 
in the temperature of Cg. being that of the bras zcale when the 
lengths of the deal rods were Lad off All this, however, supposes 
| three things to be abwlutely certain - first, that the expansion of 
the rods has been accurately extimated; zecondly, that no error 
has arisen from the butting of the rods against each other, in 
| order to bring them into contact ; and, thindly, that no mistake 
of any kind has been committed in the execution. When we 
>: come to give the trac length of the be, as ultimately ascertained 
by means of the glam rods, it will appear, that one or more of 
Rr . 
P the two rexults. But 
the discumon of this point must be deferred for the present; and 
I Shall now finizh the ert of the expansion of the deal rods, | 
n r 
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It has already „ 80 


wet as to ori a total ee of the operations on Houn- 
ow Heath. On the 26th of that month, at & A. M. the'tem- 


wines bring than GE; . the n- 


OB. 4 2 = * 
4 « te) 
dard and Sud to excecd it, — part of 
an inch. Now, if we zppose the whole baze to have been mea- 
mer „ 9 
rr . 
. —— —— ——— kid bee 
finished, and the deal rods with their apparatus deposited under 
the roof of Sir Joseph Banks's barn. 2 
was the measurement of auch a space”=s the garden would con- | 
veniently admit of, when the rods were in their dry or contracted 
state; and to re-meaure the ame space next morning, when the 
rods, being left out for the purpose, had imbibed all the humidity 
they could from the moisture of the intervening night. Accord- 
ingly, the fourth being a fine dry day, the n shining bright, 
and the thermometer about 6, seventeen stands were arranged 
in the long walk, with so much nicety in the same inclined plane 
as to appear but Ie one. The first or lowermost stand hail a 
Ws REO Cite: Gay: The two uppermost, that is to xy, 
the sixteenth and seventecnth, were of the fixed kind, each with a 
bra de, and placed only forty-five inches e 2 
f AAA 
mity of the fiftcenth. That rad beingroemored, forty-five inches = . 
taken from The bras Sale, were then laid off backwards from the 
—__ the Me of the 2eventeenth to the We of the sixteenth 
prcbended between this lat Ine and the cock on the firx and, 
was just goo feet, or coincident rods. During the night 


of the 4th, which was very fine, the rods ly on the amooth grass. 
— IL there came on a thick fog, which 
ä H 
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eniirehy dupelled about 8 clock. At 7% AM. . bre, 
from the grass, it was perbeived, that the under sides were per- 
fectly dry, while all the rest was quite wet with'the deu that had 
fallen. The ſourteen stands, comprehended between the first and 
sixteenth, having their distances' gradually reduced from twenty # - 
ſeet three inches to twenty feet, the operation oi ve- measurement 4 
. was then begun, by placing the rods in coincidence with enn 
5 other (which was now found to be easily and accurately effected 
by a few repeated strokes Frith a wooden wedge only) until the 
fifteen rod lengths were measured off, and a ſine line, correspond- 
ing with the ivory on the fifteenth, was drawn on the brass slide. 
This line was found to be o. cs: or near half an inch beyond that 
which terminated the goo feet the preceding evening. Henee it 
is evident, that the dew.imbibed only in one night, or a space of 
: | time not exceeding fourteen hours, occas such an expansion 
in the deal ee as in the whole base would have amounted to 
46-494 inches. 072 of gl doen © Arie ics ano of: 
It. ãs. suffi mean -that this Leto 
was more accurate, inthe proportion of about fifteen to.one, than 
any comparison we could at that time have made with the stan- 
dard. But since immediately after it was finished, the sun shone 
out very bright, it is by no means certain, how soon the rods 
would- again have contracted to their former length, or near it, 

had they been exposed to his rays. Nepeated comparisons for'as- 

Trertaining facts of this sort, at very short interims, are absolutely 18 
incompatible: with the nature of such tedious and troublesome 
operations as the measurement of long bases: and here, indeed. 

lies the great objection to the use of. deal rods, that at no time E 
can we be certain how son, after a comparison has been made, | 
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n nth eng of July was emplyol i providing th la = 
d; in concert eee ere ee tee eue 3 to 
heir ce ee ee it I 
length, te to be ——— Kid-on 8 
table, the eye, placed at ane end looking through them, could see 
r Ny ere 8 er beer ven rare Lai 2 
e ed —— — — 
dering, with care and attention, the plans and elevations of them, 
in whole or in part, to different scales in Pl. IV. Where like wise 
may be seen, plans and sections of the ends of the tubes, in their 
eee, eee PR erer are. 2 of | 
the apparatus placed therein $113; 
The case containing We tube nd „lich serves — a 00 
bending in its original straight position, is every where of the 
—— inches, ofcthe same width in the middle, and tapers: 
thence, in a curvilinear manner, towards each end, where it 
Hionhyitwo inches and a quarter broad. It is made of clean white 
deni the au sides being half an inch, and the top and bottom 
three- in thickness. These last are placed in grooves fit- 
? 10 to receive them, about half an inch from the upper and lower 
edges of the sides, which bending easily, and applying closely, 
are then firmly fastened by two rous of wood screws on each 
side, to the top and bottom respectively. Thus, the depth of the 
sides in one sense, and the spring which they have by bending in 
the other, act as trusses, prevent the case from warping, and ren- 
der it sufficiently strong, eee at the. ame nee 
its great length, vey light... | 


. 


6 ; 


"Hs 


o as to place the ball about two in- 


whereby the three st 
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The plan of the middle rod represents the case with the topolf, 
that the tube may Ws you placed therein: the right and leſt- 
hand rods have the tops on, chereby may be seen the oval open- 
ing in the middle of each, ahut by a mahogany lid; and also the 
positions of the two thermometers, with tubes bent at anne 
case, for the better ascertaining the temperature 1 
will easily be conceived, by considering n 1 
tube and ball in the section across the middle of the rod. 81 

It is to be observed, that the mĩddle of the . 
the middle of the case in the following manner. First, around 
' the middle of the tube, a quantity of packthread, immersed in 
liquid glue, was wound by several returns on itself, for the space 
of about two inches in length; and upon this mass of packthread, 
while the glue was warm, a strong mahogany collar was forced; 
other, that they might be considered as one only. Across the 
bottom of the case in the inside, three mahogany braces or 
girders, one in the middle, and one half way between it and each 
end, are fastened, by means of screws, to the bottom and sides. 
These rise about 14 inch above the bottom; s as to place the axis 
of the tube, when in use, about 22 inches above the surface of 
the stands on which it rests. The end- pieces of the case are like- 

wise of mahogany, about 14 inch thick. Each consists of two 
parts, a lower and an upper. In the lower parts, as well as in thne 
cross braces, there are semicircular cavities lined with broad 
cloth, fitted to receive the diameter of the tube, which rests in | 
them, and is consequently supported at fivedifferent points. The 
upper end- pieces, having likewise 'semicircular cavities fitted to 
embrace the upper part of the tube, slip down upon it, when it 
hass been, by repeated trials, brought to its true position; that is 
to say, the axis of the bore into the same straight line, the case 


by. 


the tube, being « strongly fred b. by four screws to the middle brace, 


right hand projects 


: . made of the very best mat ria 
+ bore, as just to admit of being forced into without bursting it. In 


steel pin varries out war. 
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being all the while cupported by its extremities on two. sds 
only, in the manner in which the rods are app in actual mea+ - 
Surement.:: ere within the, — | o their upper 
er ones b eee eee me 

Rays to keep the tube in its true place from 
vi ut binding it, however, too closely. Lastly, 
collar glued to the packthread on the middle of 


section, is that by which the tube is kept 
with — to. the mile if abs ones. 

broad cloth every where else. 

Both ends of the tube are nee . eee 3 


right angles to the axis of the bore. That end, which in mea- 
suring usually lies towards the left hand (since most people will 


work the screw with the right) pro 


about seven- tenths of an 


inch without the case, und is called the fixed end, because the ap- 


paratus belonging to it is fixed. Dann the. 
moveable apparatus, is called the airs 2nd... \ 

The fixed apparatus consists of a cork 3 pang an in 
L and so nicely fitted to the 


the middle of the cork a cylindrical brass tube is placed, whose 
aides are thin, the in ward end thick, and the outward end open. 
It receives a steel pin, whose inward end being formed into a 
screw, is thereby fixed into the thick metal of the tube. The 
y a button and neck of bell- metal. The 
neck fits so very closely the open end of the brass tube as to 
prevent any shake there; at the same time that the inside 
of the button applies very justly to the ground end of the glas 


s en boy 953 Hold w ni m ad; ni io 
The moveable. rens u ele * Fg lone 
an oblong n een 85 an 3 in oh b 
broad, was cut from it, in that part of Wee 
the upper part of the out ward end of e glass tube, on the inward 
surface of which, about half an inch from the end, à fine lie 
had been previously cut by a diamond point: The brass tube in 
this cork contains within it a loose steel worm, or Helical spring 
something less than the interior diarneter of the tube! Along 
the cavity formed by the spiral, there passes à steel pin, like that 
in the fixed end; but it is longer, and has no sere wat the in- 
ward end, that being nicely ground, so as to fit a cireular hole it in 4 
the inward end of the brass tube, While a triangular bell- metal 
neck fits one of that figure in the outwurd end. Thus the pin 
moves freely backwards or forwards without any shake, and presses 
upon the steel spring, by means of a circular brass collar, placed: 
for the purpose, at the inward end of the neck; while the out- 
Ward end is attached to a bell- metal button. The out ward sur- 
face of this moveable button is spherical, bed on a radius of 
about two inches; while the inward surface, like that at the fixed 
end, would apply closely to the ground end of the glass tube, but 
should not be pushed so far forward as to touch it. A circle and 
narrow slide, cut from a solid cylinder of ivory, fitted originally 
to enter easily the, glass tube, is attached to the inside of the e 
button by small nene and permits the neck to Pass through a 
hole made on purpose in the circle. The slide is about ei icht- 
tenths of an inch long, and has a fitie intersection cut upòn it near 
the in ward end, made black to render it more con icudu Thus, 
two rods being brought into contact, and the fixed button of one 
being pressed against the moyeable button of the other, the inter- 


mens b 1 2 


neg W ISITIONS oi the 
first and | nds, when the og in co 
tions of the ente of the ad aud think rods, befare this 
ivory is s brought to coincidence with the diamond line, the slide 
being then 0 out by de e rug robes 
che cork. 
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8 Proton two at TED ak” — ties 
iameter, and connected by a common Steel axis, which 
rises and falls i in a vacuity prepared for its admission in the ma- 
hogany en , neee, 
A brass . or bridle, . . Pres 3 
passes Ober the top of the case, and descending down each side, 
bends outwards, 80 as to form a projection for the reception of 
the wheels, whose pivots turn in, but near to the lower end of the 
bridle, which is kept in its place by means of the two side screws 
vorking in grooves, and the milled - headed screw at top. This 
lan Serves like wise to raise or depress the wheels at pleasure. 
Each rod has two cross feet, placed immediately behind their 
respective pair of wheels, extending outwards about 44 inches 
from the dentre on each side. Under their outward extremities, 
small feces of hardened del, formed into the teeth of a file, are 
fixed by. means. of, screws. When the first rod has been laid in 
fered —— 
thrown-upc 


7 TT 


into the surface of the stand, and become as 
But when the fixed button of the secon- 
against the moveable button of the Bret, ohne ng th 
thrown upon the wheels&y rewing th milled heads at tp the 
rod is easily moved on by the following apparatus. 
The three rods are numbered, as were those of deal, 1.2; 3.4: 
8.6. On the first or odd end of each rod 1. 3. and 5. there stands 
a brass ſork, about two inches high, fixed by four Screws and an - 
oblong plate to the top of the case. On the second, r eyen end 
of each, 2. 4. and 6. eee n e eee 
vith the fork, Icke wise fixed to the top of the case by four screws 
and a circular plate. Two steel rods or hooks were indifferently 
„On for bringing up the moveable rod (the weight then hg on 
the wheels) into its true place. They are both represen 
Plate, and only differ from each other in the shape of the brass 


milled-headed nuts that work upon the screw, of about 24 inches 


in length, into which the right-hand end of each hook is formed. 
Thus, while the nut enters very freely 1 into, and rests upon, the 
fork, the left-hand end of the hook has a circular hale in it, Where 
by it slips easily off and on the brass pillar. By referring to 
the plate, it will appear sufficiently obvious, from the nature of 
the nut on the left-hand hook, that it could only move the rod on 
to coincidence, and could not bring it back again, if the business 
happened at any time to be overdone; in which case it was 
necessary to move the Tod a little backwards by the hand, and 
then to work anew with the nut, until the coincidence was accu- 
rate: whereas the nut on the right-hand hock, having two shoul- 
ders, could either pusk or pull the rod forwards or backwards: 
and although this appeared to be an advantage, yet it was found 
from experience, that it rather bound the hook” too much, and 
 cccaioned a kind of Spring in the parts, which sometimes dis- 
turbed the coiticidence on the removal of the hook: wherefore it 
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r Harker to bo.ouen that the Gaanings 
remain safe and entire in the inside. Brass caps, with the respec- 
tive number of the rods engraved on them, are likewise creme 
on the male-screws in the ends of the case, through which the 
extremities of the tubes project, to preserve them from accidents | 
when not in use. And, lastly, to strengthen the cases, but more 
particularly to prevent them from being rent, when long exposed 
to the uns rays in the field, the sides are covered with brown 
linen laid on very smoothly, and carefully glued with thin glue, 
e 
to add a coat of oil paint. 

"Each of the glam rods, coupletsd in the manner abovemen- 
tioned, weighs about sixty-one pounds. Their lengths were ascer- 
tained by means of new brass points placed in the great plank, 
the spaces of forty inches being laid off, with the utmost care, 
from the brass scale, when the temperature of all had remained 
for the greater part of two days (August 15th and 16th) at or 
very near 68. For this purpose, two brass rectangular cocks, 
whose alternate surfaces had been previously ground together, | 
were placed upon the plank, so as to bisect the extreme dots; in 
Which situation they presented to each other surfaces that were 
truly parallel. The rods being then severally placed between the 
ler, os NE IE GO, between the point 
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hole in it exactly of the height of the centre of the button, and large enough to per- 

e e 
| 1 
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Abiagi ach ui 911399 bus gige nigets? 
"It was by A ae in the great platik, -prolonged-to 
twenty-five feet, that the — of the steel chain was now 
2 Minde Wet ut hon W 


film i 664." 92 5 


% * x . 9 
7 4 - 5 $ * * 
"a; - $% - © 4 * 1 - , F*% 
WF W 3 4 = 1 1 x 
„ Sf a . 1 1 3 & 3 1 5 
* a . 
, oy __ L 


: 7 > * : | 4. x | 2 
E 7 5 1 * 5 . I » FF * 5 =: 4 * x . = 
ind no T0 10 E Das v9. 


h at e, the VS F being brought up wo 
the hole in the cock, and the micrometer meter point screwed 50 far as just to touch it, the 
cxincidence continuing in the interim petfect; the exact Gatance of teten cet was 
| cbrained berween the point: of. the screw and che Second cock ; at which nme the 
dividion an<wering to the inden on che head ef the SY FRO Ne? 
This heing dane, the cock with the hole 3 ror 7.00 no 
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An aner, therefore, ta avoid, any: repetition, of WM | 
withihe glewrode and:at She ee | 


ment xhoult be carried-on wit both at.onc 5; .; that is 10 89; that the 
e the apparatus, should 


be 80 far augmented, as to; admit. the chain, to. be placed twice i m 
8 Aale: in s von the ame 


ious articles havin been Sent to the 
; *. 6. evening of. the 17th of August, 
the operation of the dopble meazurement CO! He ee 


ng, the 18th; f 07 uo gile o bel omen aaboow [ liam a 
— —— thak 15 at 
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| r ——-— fire made. about 

— ninety»eiglt feet. in onder. that, one length of the, chain being 
. Gre fines ft, might be. drawn forward, ane : 
1 1 


— 


| c K 60 q.. 

| last five, and so on. These acvbiniveb stands were Apo of i in 

3 fſthree groups of three each, and ſour intermediate, betwee * 

_—_ c0Central and extreme groups. The middle or slide tand of esch 

1 | „„ (50 distinguished betause some of them had * 

| RS . mr tops) supported the handle of the chain, and of fre- 

a OS ceived the traces made at the feather-edged pieces bf N ture 

b | minating the beginning and ending of the hundred feet. Thus, 
there were in all six stands, i intermediate to those in the centre of 

| each group that supported the ninety· eight feet of coffexing, which 

| was kept so much short of the hundred feet, that its extreme parts 

i might not rest upon, or even touch, the central stands. To that 

0 on n the left of the centre was attached the apparatus for the first or 

N er ro end of the chi 1; and to that of the right of the centre Was 

[i attached the apparatus for the last end of the chain; When the 

9 second chain length had been measured off, the first and sixth of 

bf the coffer stands of the first chain were moved forward to prepare 

g | for the third chain; and the four remaining eoffer stands were 

Yy raised, until their surfaces came into the same plane with the 

5 slide stands, for the reception of the glass rods: The space b 

which these stands were raised was about three inches; for s 

l' much higher was the surface of the intersole or "flooring of the | 

4 | coffers than the stands which supported them! >!" $996 i: 08-99 

| 3 _ The: apparatus attached to the first end of the chain, er char | 

| which served to pull it back to the point of oonimenicement; 

ll a weight continue d suspended at the farther end, con 

parts, as may be een by referring t6 tHe jeft- hand side of Pl. Af. 

l First, a small wooden frame, fitted to slip on to the top of any one 

"i of the ordinary stands, placed immediately to the left of thut wich 

Ml supports the handle. Secondly; u flat steel rod, about two ſeet in 

length, wherein a number of holes ale pierced, uboutan- inch asun- 5 
der, for the reception of a steel pin placed in one of the holes, as 

best suits the distance of the — ROY" — as end of 


„ K. 62 5 5 
1 26 the end f:the chain is formed intoa enen . 


fitted tollay hold of eee of the handle of the chain. 
Within the forked hook there Works; a strong mill-headed brass 
nut, which acting upon the bottom of the fork; the chain en ; 
pulled back, until the wire suspending the plummet from the dart 
on the feather- edge coincides with the point of Comme noement on 
the ground underneath; ſor which purpose there is a hole in the 
top of the stand through which the wire passes. The apparatus 
stand, thus serving to pull back the chain, was commonly loaded 5 
with double weights, placed on the two hindermost legs. i no... 
The apparatus for the last end of the chain consists, like the 
former. of a small wooden frame, that can be readily slipped upon 
any of the common stands, as may be seen by referring to the 
” eee en II. T oy ame carria a pulley, over which = 


* of it, 5 8 a forked. iron han u end lays hold * 

the straight part of the brass handle. By means of these two 
apparatuses the chain is always kept to the same degree of tension 

in its coffers, in each of which a thermometer: was placed to indi- a 

cate the temperature; the whole being covered up from the direct 
rays of the sun by a.narrow piece. of linen lark. stretched along "i 
it from one end to the other. wth; 18112 9 ls . ot; D JV 32:96 | 

Each coffer consisted of three boards about helf an inch; thick. : 
> The sides were about five inches deep, nailed at the middle to an 
intersole bottom of four inches, in such m 1er as to be repre- 

_ sented- in, section by the detter H. They were ill made, being by 
their parallelogram shape apt to warp, which might have been pre- 
vented; by giving them the figure of the cases of the glass rods, 
that is un ere in the middle, and we at 
Se. 31632 af 5 
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v//Werare' now to pre 
measurenient with the chain and glass rods: wherein it must be 
remembered; ab also ii continuing the operation with the glas 


tee end of che 190th deal rod, and 31g feet distant flo the centre 


chai Being stretehed along its frye coffers by che ſorteen pouhds 
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5 An this munter we proceeded, a in the (burbe of the a) were 


4 1” g 
8 * - 
d . 


ee. e some account of the double 


Yods alone, cht in referring to the map fon the daily progress u 


| the work; we are going from che fortysinth towards the first 
station; and in having rerourse to the general table of the 
base for altitude, temperature, or correction for 
are ascending from the bottoth towards che top, cohtrarily to 
r tri which the operation with the deab rods Was con 


expansion, we 


dabrad. ort evve oiards offs Abe Houq ot give uc tis 


on the morn ing of the 18th of August, the stands with the' va- 


| ridhs parts of the apparatiis being placed in the manner just now 
deseri bea the operation was begun by bringing tlie first end of the 


chain td comeide witk the intersection on the tri pod answering to 


of the pipe terminating the north · est extremity of the base. The 


weight suspendetl over the pulley at the farther end, and the tem- 
peratures of the five: thermometers being registered in a book kept 


for that purpose, à fine trace was made on d piece of cart, fastened 
1 under the feather-edye at the farther handle, denoting the end of 


the first hundred feet. Phe chain being then moved on into the 
next five coffers, those that had been thus vacated: were carried 
forward,”t6 prepare for the third chain length, and thereby permit 
the first set of gtands to be elevated for theireception-of tle n 
rods; and 80 iti Sliceession With the others?! ³ 
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oft! able to measure tile length of ten chains, or 1000 fet/ be 
the forty-sixtll and fortys fifth hypothenitzes of 'theibaye,/ the first 


of 400 and tie last of Soo feet] Being-artived at this point, it was 
found, that the fine line © on the brass _ 2 the — 
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of the tenth chalk; fell abort of another fine line on the same alide, 
denoting the end of the fiftieth glass rod, just two- tenths of an 
inch. Now it will appear hereafter, when We come to shew, by 
the experiments with the pyrometer, what the real contractions of 
the chain and glass rods were, for the degrees of difference of tem- 
peratureꝰ below that in which their respective lengths were laid off, 
chat this amal apparent difference of two-tenths ol an inch, between. 
mode of measuring the thousand feet, should have been 1 

0.17938 in. to liave made the two results exactly agree which isa 1 
lat dieser of only o. Oe of an inch. Suppesing then everß . | 
thousand feet of the base to have been measured by the chain with 4 
the came attention, and consequently with-the satne, or nearly:the — 
tame success (and there surely cannot be any reason to doubt of 
2  practicability), we shall have 97.404 x 0. 0206 in. 0.565 in. 
oF a defect of something more ee inch on the whole 
jengh of the base. Bin ? 810 %% ST $1748 8-7 52791 7 i 230 
10: 05 ig 07 20 ub of Pu ene gods Ila ile 
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rods 68". They will, therefore, only agree with cach other accurately in these rexpective 
temperatures. The mean of rwinty thermometers for the four 6 ain lengths of the forty- 
Sixth hypothenuse gave a heat of 619.6; and for the six chain lengths of the forty-fifth, 
the mean of thirty thermometers gave 5947. [The temperature of the 400 feet of 
glass, by the mean of forty thermometers, was 655.33 and of the 600 feet, by the mean of 
ty thermometers, it was 60b. B. Now, from these data, and the expansions of steel 
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66:5 2 6 2 219 X 0.03952 , 14955 58 e contract. of 5 
bg * 59.975 =6. T5 X 0.04578 = 9.30901 . 


1 'X 0.02068 = = 0.055 e 1000 
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greater error, all were very desirous that it could have been far- 
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— io ae instruments so 
„„ all to:he contiiagy as antonighing = ad 
as it rarely happens, that the graduation of thermometers will so 
nearly correspond with each other, as not to occasion a m much 


ther confirmed by continuing the operation in the same way 


through a more considerable proportion of the whole length. But 


besides the tedious nature of the double measurement, owing. to 


the multiplicity of stands, platforms, coffers, and other articles, 
that were now succeziyely to be moved forward, and for which 
purpose it had been found necezary to reinforcg.the party of l- 
diers with six additional men: the operation had already. trained 
out to a much more considerable length than had been expected ; 


the summer was now far advanced, and the continuance of good 
weather uncertain; the coffers likewise for the chain, having 


been constructed in a hurry, were found to be defective: in 
short, all these reasons contributed to induce us to give up, for 


the present, any farther experiment with the chain, and to pro- 
ceed with —— — of the measure 


e 
ment. 


—̃ Tharalay the 7 


Ui ths Hine code ms cond tor hr es ks Penh 
the forty-fourth to the fortieth inclusive. It will be remembered, 
that in proceeding with the deal rods, double pickets had been 


placed in the ground, at the middle of the forty-first hypothenuse, 


or that point which terminated the 1215th rod, reckoning from 


the south-eaxt, or the 155th from the north-west end of the base. 
Now, in returning to this point with the glass rods, the extremity 


of the 155th fell hort of the silk thread srretched from picket to 


picket, just one-tenth of an inch. - The expansion of the brass 


r taken into the account, it 


3 5 £ - "of 


appears, that the cell expansion b of the deal rods from the hu | 
midity of the air, must, at this point, have exceeded what it was 

4 at in the general table by o. 31 of an inch, supposing 
no error of any kind whatever to have arisen eee 
from bringing the rods into contact, or otherwise. e e e 
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On Saturday the a ist of August, the measurement was re 


** the thirty-nioth atatzon, * continued for five. pc ii 


. x © > 43 - * 
Py f 1 1 x * 


This * about noon, his Majesty deigned to honour the ope- 
ration by his for the space of N bours, entering y ery 
en into LI mode gf conduc UC cting. it, which net NP. his 


. Sx | 
* I 4 * # 31 1 : LJ * x, 4 - 
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I. on Monday the 23d, the mensuration w ; farther. continu 


ned 
for five hypothenuses, chat is, to the thirtieth inclusive. 


i On Tuesday the 24th, we proceeded with t 1 the measurement ſor 


— 


bps 


the pace of even e finihing he business of the day 
at the tyenty- Second station. ee eee e ee e ee DHA 


82 — 


It will be remembered, that is in carrying on the pre EL. with 
the deal rods, double pickets were left in the ground at the twenty 
enth station, answering to the extremity « of the 81 oth. rod 
from the. or the ;6oth from. the last end of the base. Now, 

on arrival at this point, the 5Goth glass rod overshot th j the i thread, 
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wy Bren +0.653proportionable part of the enitatedexpansion from hu- 
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4 6.300 by which the 155th rod fell 
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we find, that the lengthening e ef th 
of the atmphets, kiten büt little! e N 
wated at by cbtpärisbf with the standard, 05 e 
two-tenths of an hich on the W In Hi 1 rm nr in 
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level line, for the space of twenty IH mely 

twenty-56vetith, ind five of the wenty-sixth hypothertuse; which 
occasions the Atbralion the Tefliction ol the lese Twi  Spacks, mark 
ed with asterisks in the general tüble.. 8 loan 
As some trouble had been found to ee Ede Un 
greut 164d; in "the first in nent, owin "to ine mümber of 
| carriages tht were continually passing, the a pth 
and height of i the banks of the old Roman way; -q this TE 

batted for the purpate; had been now" 8 9 
- cident might have happened in con dücting this part or the opera- 
tiou, 20 as to oblige us to 3 repetition, double pickbts Wets'pliced 
In the usual manner in tlie ground, two rod Heng 
Na station, to WI hick we coil Have referretf, withotit 
6 "oft at the twerity<nitith statzon, 


back 3s far * tlie tripod 
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8 Bad weather prevented any progress 5 8 on the 25th ; 
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1 al that could. be done was to measure the twenty- 


| Second apd.amenty hrs hypatbenuzes..:, . Sie 01. 2 Re r 


„On Fridaꝝ the 27th,the york went on more expeditiougly, hav- 

ing in abe gourge f that daymeaaured ahr hypothenuees, and placed 

a whe the fourteenth station. liens? i691, bat E91amiies 
aturday,the 98th, eight bypothenuses were rs 

ö dhe, ind was placed a4.the Sixth station. In thi day” 5,0 

Bon. being arrived pear the bridge laid r Woes Rin: Aol 

were placed in the ground in the point answering to. the 


eteemity of the 11,784 rod; reckoning fram the nonth-west, r he 
498th vod from the gouth-east an of the 1 that, we mig r 


10 them in cape accident; and, the eighteen. pod. lengths, he 
| 4289. this paint andi the sixthrstation, were, męgsured, on the | 
level, instead of, the hypothenusal line, which required the altera- 

Son af the reduction, as distinguishe asteri i gene. 
Sal table.; ohio] bone donn began 


-=:Qn.Mongay: the; a Ne mequuroment with the 
S tie : 


114 11 


leted ;*; when the extremity of the 137 th 
dhe centre af the pipe terminating the haze towards 
the sogtheeact by.37:876 inches, or a0 fot; .Henge, when, the 
Several equations for expansions are tively taken into tl 
account, ue find,, chat dhe alteration of, he deal rods from the 
Jumidity.of the, air, which, by comparison with the yas. 
; apparently most considerable in the first and second sections 'of 


the base, has now Ped! vanished; 3t that 1 is to say. the * amount 


NI 
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* 8 who were EE. day's operation, 
were Captain Bisset, Mr, Greville, Sir Will amilton, Mr. Lloyd, and Dr. Usher, 
Profeszar of -Avtronomy in the Collegs; of. Dublio. . . This last gentleman was 30 

obliging as to ohsive, wi the ihost erupulous attention, throu the whole ope- 
ration with the glass Tods, t hat first remained 


the coincidence of the Second with 
N while that of the third with the Sand was completing. 
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inches; :* and this is the evi '\ 
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estimated and — the deal rods; and as we are to © 


ly es es — commit, which | 
the least of all p. Tc plas 


— gagka abs an over it when 
this whit ah re But it is well known, how much 
care and pains were taken to prevent any thing of that rt. In- 


distances, as given by the chain, 


nearly among themselves, that even 2 foot or ten inches would 
have made so remarkable a difference in the situation of the next 


Picket, as could not have pazed unobserved. — 


13 the pickets, and at last over-reached the 
pipe b. cad rr 1 am therefore inclined 10 believe, that 


1g70th did not reach 50 hear to the north-west- pipe 2 it 
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10, and would hve on anne een eder 
nt lines. It mt, however, be cunſe med, that the near 
agreement between the glass and deal rods in the upper part of the 
Heath ovens not perfectly recomcHicable to this anppraitin. Never- 
| theless, the decent being quickest, and the irregularities of the 
surface much more considerable in the lower than the upper part, 
might produce some effect in one, which did not take place in the 
ceeded from over-rated expanson ; that is to , the rods, when 
gave a horter meanure than what was anignable 16 them, Frm 
the mean of any two or m my : 
. of Angyt was employed im diucharging the party; 
NN aa 3-3 
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455 Having, eee erase eee 
minute detail of the actual operations in the field, that the pub- 
lic; being thus informed of every circumstance, might be the bet- 
ter enabled to judge of the accuracy of the result. it remains yet to 
point out, in what manner the equations for the expansions'of the 
standard Scale, steel « a „ and glas rods, applied to the apparent 
em ee eee ede eee ere mene 

deen obtained by means of experiments with the pyrometer. | 
1 is sufßciently well knows — — 
nious and valuable Member of the Royal Society did publizh in 
the Philosophical Transactions (Vol. XLVIIL 2754. No. 79-)-an 
account * of Experiments mud with « prommcter' of his invention. 
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to ne ef chess ee —— they very 
nearly agree. But as different pieces of metal of the same kind 


ate certainly susceptible of different degrees of expansion, it was 


judged best, on tlie present occasion, to put rods: to the test of 


those very metals that hall been made use of; in the actual mea- 


surement of the babe. For, fupposing both pets of experiments to 
have been made with instruments equally, perfect, and to have 
deen in other Teapects-equally well conducted, this must always 
be considered as the most unexceptionable method. Besides, the 
expansion of rods of the length of five ſeet heing ascertained, the 

unavoidable error of observations of this delicate nature, becomes 


lessened in proportion to the excess of their length above shorter 


rods. In these new experiments too, another sort of pyrometer, 
invented by Mr. Ramsden, has been applied, of such accurate con- 
action, that it Seems. not eam fo-improve it. 3 
he mi Pyrameter, 30 named, because Sowa 
two 99 to it, the expansion! is me ASU coltsists 
of a strong deal frame, five feet in length, nearly twenty-eight 5 
inches broad, and about forty-two. inches; in-height.. (The eleve- 
unn of the ce piece vide; or that which, elf. to the ohr 
server, and also of the micrometer-end;. or. that which is towards 
eee as well as the general plan of the: top;Are x 
gented-byia scale of one inch to a foot, or: aner twelfth part of the 
real dimensions in Pl. V. where. likewise may be seen the angular 


view of the fixed end, tagethet With ꝓlans, sections, and glevations, 
of several of the pritmipal parts,» done to larger scales. From 


thess, it is boped, the construction of the machine will be easily 
understood. without entering into a minute description of the 
alnostnuinberless Smuller part Whereuf it ĩs comp d. 'p, 1: 
8 eee two: n upwards pf en 


[PER 


— 


— crewed. \That towards the obgerver over: 
hangs the frame om thing more than an inch: that on the far: 
ther side is even with the back part. Each « 3 85 
Which are abqut, res inches fruarf in Ohr: ing. 

iron standard prism, .whose sidęs are 14 inch. The m. 
which the prisms are fastened to the bottoms, of. * 
traughs, and the nature ol the ap at 5 

Entremities, Will .be.readily conceived, by referring to the, part 
_ cular plans and elevations of them, comprehe pup of 
eight small figures towards. the right hand of, the general plan; 
Four of these appertainito the left-hand. or r fixed.microscope ; nd 


vnguighed, became t bas a micrometer attached orit. By mea 
of the brass collars which embrace the. priams,: their, left-hand.gr 
W m—_ wwe rene down extremely, fast to the .brass pieces 
; perfectly immoyeable there with 
eee eee e ;- whereas; their righerhand ends are kept 
egy; yet without Shake, in their, collars, that they may contract 
or lengthen freely as the temperature; may require, without ogca+ 
Sioning-/ any strain upon the parts. The prism in the nearest 
trough: may be ꝙalled the eye niede prism, hecause 
eye: pieces of; the mierosoopes; and that in the farther trough, the 
_ mark;prigm, because it. carries. the marks or crvss wires at which 
the; nferoxcopes respeatively point. The troughs are covered 
wh pitch 3 in the inside, to make them hold water; 4 * each has 
left-l ind end. for discharging it. 
” Beweg. he, two, deal troughs, . 006:96- dee [6s 252 boiler, is 
plant: hank chapter than the former, but still upyards. of 
Give feet im length. It Is about, a inches broad, and 3 in geg 
Ide centre of the boiler, or rather the centre of the ohject lens 
which Stands in it, as e shall Bars raden nan geo _—_ 
Is bemühe cee v t he mark . Aren and 


| VE N 
| | from the wires of the micrometer attached to the corresponding 
eye- piece 20.33 inches. / The boiler rests on five small rollers, 
one being fixed to each end of the frame, and the other three to 
the braces which run across it. This copper trough has likewisse 
3 cock i in the left-hand end; and in the general plan a cast iron - 
Op prism is represented in it; but this last carries no apparatus, as 
those in the wooden troughs do, being exactly of the length of 
five feet, and only placed there as one of the rods whose expansion 
was tried; and to shew that the machine \ was capable of receiv- 
"ey rod of that weight and magnitude. 5 yy 
Buy referrin 8 to the general plan it will 4 seen, that wy 
lamps are made use of to bring the water in the copper to boil. 
They stand on four shelves three in each compartment formed by 
the cross braces of the frame. They can readily be pushed for- 
wards or drawn backwards, and when actually in use, their 
handles are only seen, projecting from under the copper. It 
was found, by burning oil in the lamps, the heat of the water 
could not be raised above 20g or 210%; but with spirits of wine 
it was brought into violent ebullition. The plan of the frame 
| likewise shews, that 'the tubes of the microscopes are subdivided 
into several distinct parts; and that one of these parts is attached 
tz by a collar to a mahogany prism, which reaches from one end to 
the other. But the use of these contrivances it will be best to 
defer speaking of, till after having described the eee that 
are placed within the copper boike, 1-07 =; 
At the bottom of the plate the boiler is eben both in 
plan -and longitudinal section, to a scale of one-fourth part of its 
real dimensions. It contains within it two brass slides, the one 
long and the other short; which, from the braces that bind the 
cheeks together, very much resemble the form of a ladder. The 
long slide, whose cheeks are 14 inch deep, reaches almost the whole 
Length of the copper, although every where unconnected with it, 


2 — 8 1 — 3 - 
Ward end of this — slide is -4 


r 


| except at h — \ and 'B. 7A the. firit/of theee, tw ardr 
— ths ef A braaseplindrical ba rfavteneds 
At the last, the cheeks: of the slide rest 


follows, that the copper and 3 . regard 


_ to each other at A; but froin-.thence;: towards either end- they 
Have full liberty to change place ; that is to ay, to expand by 
heat, or contract by cold in any pro rtion their different natures 


may require. The left · hand end of the slide is shut up by a strong 


perpendicular piece of brass, connected with the two side rings 
vrhich support the object lens of the fixed microsoope; whose centre 
corresponds accurately with its inward face. . his piece _ 
firmly screwed to the cheeks of the slide, and oounter- are 


wardly, ſorms a. strong butt for the fixed end of the expanding 


rod (supposed here to be the steel bar) to act against. Within the 
4 right-hand.end: of the long slide, rests a hort one of ! 
inches in length, whose cheeks are 14 inch deep. Its | 
at C, rests on the cylindri 
slide, fitted purposely to receive it; while a narrow longitudinal 
dan fixed in its a inward bre. at DE in — tion, moves e in 
zut up in a ian manner with 
the opposite end of n dne. 
* This end piece is also co 


4 11 482 21 1 4 {3 15 : * 


pe, whose centre is perpendici inward 
2 and being fortified outwardly by an 3 it forms'a butt for 


the expanding end of the rod, that is n push against. 
ttending to the plate it will be perceived, that to this end of 
the boiler a brass tube (R) is fixed, which. contains within it a 


By a 


n. 


ded by a helical steel spring; which a 
e nw ON . 


al urface of the lat bree of the long 


nnect - with the two side rings which 
support the tube containing the Wet lens of the micrometer mi- 


ny | 


— os the: rod prepare 1 for the purpose, the 
presses its inward erid; which enters the boiler, against the per- 
pendicular'surfate-of the end piece of the short slide. Thus, the 
farther end of the rod in experiment, supposed now. to be in its 
dontractet state, is constantly made to bear against the surface 
that is under the fixed microscope. But on the application of heat, 
the irresistible force of expansion in the rod-obliges the spring to 
give way; the short slide changes its place, and with it the objeet 
lens of the micrometer microsoope moves on a ace proportionable 
to the degree of heat that is applied ;- and n distance, mea- 
ured by means of the micrometer, as hereafter will be shewn, 
chat determines the quantity of expansior or the space by which 
the 1 men. i m the plate it will be further ob- 
— 0 eee e 
milled- headed nuts, 14 inch in dies, eee eee . 
are formed into screws, until they almost touch the sides of the 
. NPI 092-498 dein 
ſorm or lateral dimensions. 
Ihe microscope towards the left hand n invade 
fixed, because it corresponds with the first or fixed end of the rod 
in experiment, and never changes its place while these are of the 
length of five feet. But it appearing to be of consequence, that 
c p p52 Sian; is not ys 
whereby it is made more universally useful. For this purpose it 
becomes necessary to move the marks and eye pieces of mes 
microscope, along their respective prisms, to the p Oper” | 
for the rod that is to be tried. Nevertheless,; the object lens re- 
neee -and oa its Stead ems of the 
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SY 


WM 


— ande Hence will appear the reason for breaking the 
_ ccrecning tubes of the microscopesinto several parts, and the use 


ef the mahoguany prism: da which ane thick part of the tbe 
moves from viie end to the, nn rhe ihr into ftth Ts 


sine it —— made and eric has under- 


in which we eres on will appear from the representations of 
them in the lowermost left-hand angle of the plate. And the 
section at the right-hand angle shews the appearance of the double 
bras hook, universal Joint, and milted-headed. nut, applied across 


—ů—— 
co say, they are kept parallel to thetiselves in th Ti 
becat the application of the boiling water 


section, t6 the full size. Its chief parts cunsist of a micrometer 
steel screw, which works in the square nut of a brass slide, 
while the plane part of it enters into à long brass socket, nicely 
groutid to receive it, and thereby preveriting all shake. To the 
Square nut, one end of a wutch chein is attached; the other 
end having passed around is fixed to a barrel, Which contains a 
watch spring. coiled ap in the usual manner. By this contrivance, 
any Joss of time in che motion of the moveable wire, fixed to the 
1 


leſt hand of the former, and is farther.remove 
being attached to the oval alide which bounds. 


che elevation, projecting-aboye the n 


of the plate; where the relative situations of the di 


as men Mi to the e. are 1 re 


least two eye- glasses, and the — microscope aber as ot chews 3 


motion, are io be m by the, oquable motion of the object 


| © "6 1 
square Slide, is la prevented, wheth 


backwards or forwards. - The fixed wire, 80 calle be 
only made use of occasionally, * in the' « evation to [thi 


micrometer. I his wire is moved by the insertion of a | 
aded key (although not represented in the plate) fitted + to lip 
upon the square end of its pręper sorew,..which.may be seen, in 


IC] mani bead 1 has but 1 
little motion, being only intended. for. the me b mat 


: differences of expansion, or any small dee leaving f it theres” 


while the other wire is repeatedly brought to c 
in r. _— It. ä — pn. poses th 
well without it. 1 * „at 0 in bfi io . un Hood nad 


The construction of che! microscopes will be. readily u | | 


by referring to the figures under that head on the right-hand sids 


glasses, with regard to the wires or place ve ere wag, : 
want of eien 


in x mieroscopes, 1 it is ere nec 


them in their usual position, the i image fron 

being formed between the two, that the dispersion in t 
first may be corrected hy that of the second. But although this . 
construction serves perfectiy well every purpose of the fixed mi- 


erosdope, yet it could not answer in the, moveable, aner which 7 


the mierometer is attached, whe 


3 1 


IJ 
5 tlie — Fob'ima thit case, this interyo- 


sition of an-eye-glass: before: the: image was formed, would not 
only have diminished its size, and thereby rendered the measure 
less accurate ; but like wise by refracting the oblique pencils more 
than those nearer the centre, it would have destroyed the equa- 
lity of the scale, and made equal parts of the object itself to have 
been represented unequally in the magniſied image, and conse- 
quently erroneously measured by unequal parts of the microme- 
ter. It was to remedy a defect of this sort that Mr. Ramsden 
proposed this new system of Eye · Else deseribed in the Philoso- 
phical Transactions, Vol. LXXIII. 178 , No-. 3. And he has here 
applied that system in the construction of the mitrometer micro- | 
rope; where it will be perceived; thatlboth glasses stand between 
the eye and the image, whereby the greater magnitude of this last 
is obviously preserved, as well as the e rae g its _ 
. ee tae: plyent.Jtorkf.: „ il 3589008 lf O moat; 4 
Wich regard to the ee eee in the kene place, 5 
ko be obeerved, that the head: of. the: micrometer screw, which is 
nine- tenths of an inch in diameter, is divided into fifty: equal 
parts, each of which being reckoned two, it is therefore nüm- 
bered to 100. Fifty-five revolutions! of the head, being equal 
110 07175 ider _— 2 ra with great rt by 


Ae hrends of {the Screw; i in- 7 ns Sucks Whadiceven beans 


and nearly. th. parts/move the: wire: of the. mierometer one- 
tenth; of an inch ; and that: +5gth-part of a reyolution, or half a 
division, answe Wa mode n wot Jan's. OY of | 
nne brig oO TO HEY 200 10 251% 5 tr io] 35 . 
Having thus obtain the number of itte wi er 


(7.1) corresponding to one-tenth: of an inch at 
the wires, it is sufficiently obvious, that the number answering to 
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1 cach other on the bes da where they 


| The revokitions of the micrometer answering to the distance be- 
tween these parallel wires was, as before, found to be 24.93: which 


actual measurement, on accontit of the position of that glass in its 


TS] 


one-tenth T.M at the mark being likewise olitained; and ended to 


the former, their sum will give the measure of one-tenth at the 
-object lens, or the Space-by-which the expanding rod has length- 
-ened; as bern by the motion of the lens from o to p. This 
mee of one-tenth uf an inch at the mark, was ascertained in 
two — ways, and the a ee =o With exch 
— — — figs Tave, | 
was prepared}, ami made to moe in the mark where tlie brass 

| Slide tow exits. A candle bing then placed —— 
— n the dere, its dne e 
Hines was distinctly Sen through the ivory; whereby two of the 
Focal Rs — ee d 2498" revelations of the | 


now remain, at the dixzmre of one-twentieth of an inch on each 
zide of the intersection wires, as may be seen by obsetving the 
real mark, or rather is magnified image, ts been iti the oval 
field of the micrometer, in the central figure of cunstruction. 


being added to 7.13, we have $206 for the number of revolutions 
measuring a motion of one-tenth at the object lens, or the expan- 
Son of one-tenth. In this manner Mr. Ramaden obtaits the scale 
of his pyrometer, in the easiest and met simple way imagiflable, 
without any necessty for knowing the absolute distances of the 
object lens from the wires of the mark on one hand, and those of 
the micrometer on the other; distances not easily ace: by 


cdl, which cannot conveniently be come at. Tus, iti Pl. V. as well 


————— 10 = 
the former as mois to oM. And if, the point 
þ, the place to which the object Lens 6 has been carried” © * 
by the motion of the expanding rod, a line Mg be ks 
drawn parallel to LI, we shall have ml=24.98+1q= hs 
7.13=mg==32.06, the number of revolutions of the 1 (all 
micrometer measuring of, the expansion. . 
thus obtained the tutal number of revolutions corre- 
sponding to mg; and having likewise' measured the 
total distance 6. 144 inches, a ee en 
certained between the wires of the micrometer and 
those of the mark, the partial distances mo and'oM Mes 
may then be readily found by computation : for mg: e 


1 —_ 2 E's E 0.7 oM= 


P i e 
necessary to observe farther, that the circular scale, seen in 
the clevation of the micrometer, whose zero appears to co- 
incide with the dart on the plane part of the brass, is that 

which serves by its motion to register the turns of the head. A 
forked key, fitted to enter the holes near the circumference of the 
circle, is made ue of for the adjustment of this zero. The circle 
should never be turned backwards, or ware the left, lest the 
———————— be necessary to 
move it almost an entire revolution. The zero of the head is that 
which should be first brought to correspond with its er ft; 
micrometer ; \and the departure of zero from this dar, indicate 


- 


pb che number of diviaions/thavars lithroopted, che ande ür bh 
| fractional part of a revolution; - <Sf10 Of e tft 613 10" a5 . 
1 o! N00 010 ON 95 STE befhittzuttt ft off Tits ae riot 
ion 203 favor di bu Sorter en 19h "Ow 
af}. Lem, the Experiments with the Pyrometer. 

16 Although the instrument which 1 hive here ende 46a I 
to dexcribe was begun early in the Winter of 1784, yet it Was 
not finished: till the beginning of last April; at which time it 
was brought. to: Argyll-street, and being placed truly level on the 
stone pavement of the yard, was covered with an oil-cloth ca- 
nopy, that the experiments 9 not be . by ray 
weather. | 28 * 121 9 2 4 2 R829 S u 


"3 * wary I * 20 415 18101 
To fill the Hhres troughs. .com 3 it e fron? twenty- 
five to thirty, pounds. of pounded ice, which was always put in 
with great care, so as to apply AS compactly as possible to the 
Standard prisms and rod respectively, with but little common 
|  water® at first added; it having been found in these experi- 
ments, that ice- water only. such as drains from the ice itself, is 
that. which, Should. properly be made use of to mix with the 
pounded ice, in order to bring the whole mass to the true freez- - 
| ing temperature, Being at the commencement uncertain what 
time might be necessary for the rods, especially when of 50 large | 
| a. size as the standard prisms, to acquire the just temperature of- 5 
freezing; at first the ice was put into the troughs over- night, to 'E 
prepare for the continuation of the experiment next morning. 
But after many repeated trials, this precaution was found to be 
needless; a quarter of an hour being more than sufficient to give 
0 all the freezing temperature, as well as to render the lens on 
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55 — EN ION os degree above 324. 


rod. Which bur a Hitle-before had been f 


N 


See S er?" ztationary, after the water cupplyng the place 
of the ide had been brought fairly to boil: 427 * 28. 117 b 97 943 


The instrument, in its first state, having in some cases SHY 
_ the expansion appear to be progressive, and not equable; there- 
foreſts rate was attempted to be ascertained; by noting the pro- 
ression answeritg-te 60 120), and. 1807 above freezing; But 
Wen the instrument Was rendered perfect, and that no sensible 
difference was found between the expansion at ithe lower and 
that at the upper part of the scale, a fair mean being taken be- 
bay tween its ascending and descending rates, and allowing for the 
diffclty of kebping the Mater, for any length of time; precisely 
tio the same intermediates heat: then this=tedious mode of con- 
Uueting the experiments! was given p. and the expansion for i80* 
was at once determined by bringing the vater to boil around that 


ying' in melting ice, and 
Which the standärd pristus still continuecf to do throughout each 
Expefirnietit; care being taken to have a supply of l Ice 
always'ready, to keep these two troughs quite full. 
Do). Ubservers are necessary for the effectual opplicationio] the 
Mrömeter He he wbsérves withz the fixed-microecope; takes 
 thf&thak its objet Jens is kept im: itb true place: that ii to say, 


that the wite/ in'the''eye-piecs accurately; bigects the intersection 
_ Wes of the mark. This he is enabled to do by means of the 


paratus attached to the flxed end of the boiler, as will be best 
coneeived hy observing the plan (at WX) alohg with the eleva - 
tion of that end placed near it. The :apparatus; consists of two 
milled- headed screws, working in brass ꝑlates fastened to the end 
of the frame, and acting against a small cock which projects ſrom 

the lower part of the boiler, whereby this last receives such longi- 
tuckinal motion to and fro 'on-its-rollers; as is sufficient. ſor the 


ac0hust ment of the lens. He who" observes with the micrometer 
— havi ing brought the: zero. of "the: micrometer de to! its 
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OY as sbewm in the horizontal section, and ao be plates 
zero to its dart, as represented in the elevation, takes care, W hen 
the rod has acquired the freezing temperature, that the maj 
meter wire .bisects the intersection wires. of its proper m ark 
This he effects by working with the milled-headed screw, repre- 
sented in the. plan and elevation of that mark, whereby the mark 
itself is moved: until, the bisection is accurate ; and during he 
whole of this time, the eee must be extremely aiim 
to keep his lens adjusted. N e 

One assistant at If necexary, "ah wan 1 on 
* opposite side of the pyrometer, to observe the levels, and keep 
them adjusted, by means of. the double hook applied near the 
middle. of the boiler; and gepresented in the section on 99x 1 
TU, at the lowermost right - hand angle of the plate 

The pyrometer having been adjusted in the männer . * 
scribed, by giving sufficient time for the standard prisms and 
rod to contract to the true freezing temperature, as w Was easily 
known by the wires becoming perfectly fixed and stationary with 
regard to the marks; the ice was then removed. from, ide .conper 
trough: and the same being filled with water nearly on-the:bojh = 
che ebullition was completed, andi kept up, by means of e 


now lighted for the purpose; and alipped in underneath.,, . 
The expansion, answering to the 180 between freezing 10 


boiling, was now measured by working with the micrometer. screw oY 


until the bisection® of its wire with those of the mark was again 
complete; the observer at the fixed microscope taking also ane 
mene r en eee, , ai 
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— may has make to ade in | 
| by ove wich x tokeedly — to abveriations of this gorts, I have 
elt repeatedly adjuned. the wires, eight or pen times running, -allowing 3 
TS. ORF rh ie wht the meanders eee. 
of x Grid of the head, which Is od ale part of n ach. [OE TA 


3 


dirisions cat the zero of the e Circuit eee aud 
dart or index, and also the value of any fractional ee eke Wen 
gistered by the divisions on the head intercepted 
and its proper dart, were then noted, as expressed 
column of the subjoined table of experiments; 9 
other explanation than: what is therein inserted, and which has 
been extended purposely to shew at one view, from inspection 


only, how much the length of our base would have been affected, 


323 „ 1 n 


if measured by- these metals Tr oiemn 0p in es between 
32 and 62 Fes $551b91. 8 Ht. 3 47 95347 * 

Sechs pee were & peel at ae twice} and some of 
them three times, except the standard scale and glass pendulum 
rod, whose expansions were only tried once. The difference of a 
few divisions between the mean and' extremes on the heat of 180˙ 
being, in things of this sort. of no importance, it was Judged 


| Wholly unnecessary to aim at a greater degree of precision in re- 
peating them. oftener. By referring to the table, particularly 
that column containing the expansions on one foot by 1807, it will 


be perceived, that they are uniformly a small matter less than 


_ © what has been assigned to the ame ingtals Sy in tho 


pinoy alluded to. Ms e e rn BR TO 


1 2 8 1 * ou > * 
4 ; H FE” s ; F : 
- 3 4. a - * 
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— $57 * 4 


Determination of the Log * th Baze on hn 


>1 17. in the fade ab a ee ts. 
a of the Seven first columns of the General Table of the base; 
and the titles at the tops of the othets respectiy 
ciently 10 explain those towards the right hand; the expadsion 
of, g Cass a 0 | den its N OD 62 eue in be 
„ OTA i - Bog: dn nnd 245 N adiietb a 2 
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ey serve suffi- " 
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eleventh endet ebe being deduved from the recent ex- 
periments with the pyrometer-. 5712 10 ores A n Hieb 
i teilen lefoiont vn Yo Soivr i onle in . e Wer 
The hypothenusal length of the base, as meusurel 
by 169 925521: glass rods of twenty feet each n ls 

481 feet, being the! distance between: the last roll 
and the centre of the north west pipe, is fond 12c11- 
to be n en Or WO 73 f o v 27402. 8204, 
reduction contained in the seventh column off HH 
| the general table to be deducted s 4b 00714 
Hence the apparent length of the base, reduced too "24. 
the level of the south- east extremity; becomes 27407490 

The apparent length is to be augmented by the 
exteas of the expansion above the contracti Wm vbeocln . bon 


the 7181 1 | 


Sass rods, contained in the thirteenth: column of ahe'io' ID wel 


il table 4 1867 inches, reduced toithe heat of Ae 
62 as has n 1 done in ſormer — Hod 
this nature! - S772 :07 St" — 291. va II Mo- nf 93489 
The ner length is farther to be augrnened n FEES 
by the equation for 6® difference of temperature bf the 4 80 
standard brass scale and the glass rods between 60 
and 68, This last being the heat in Which the lengtiiss 
of the glass rods were laid off 11, 8368 inches,“ as 
deduced from the experiments with the pyrometer Wd NET -7 $64 
Hence we have the correct length of the base in the 
temperature of 62* reduced to the level of the lower- 
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ARE "th tent and-pepenicuiboiddubticnrForey — rod 
3 — ͥ — the)medn les 025) boouk | 
vel of the Sedpauppostditorbedfift ycfouriſeect;iormmine: oo oft bn 
__ ſathomgj!t 0j=2i mot: oni vd 493oamgns (etttH , capes 
Hence the urue or ultimatedength:of: the base, ore+< 121 nib ices 
| duced to the level of the seapand/niakingia>portion-ob.; 041 972d 
themen circumſeremde uf dhe earth/becoines! :-»/16,:2pgog:olg7 
No aid} 10 Slo $11 zuoilgucnt Srin1of!c bu Y 
As some small degree of uncertainty remains vrith regard to 
this last reduction, it may not be improper to say yet a ſew words 
on the principles that have been adhered to in making the com- 
putation. It will be remembered, that the measurement was made 
1 feet above the surface of the Heath, that being the height of the 
stands whereon the rods were placed; and that the telescopic 
spirit level gave a descent of 36. 1 ſeet from the lowermost pipe to 
the surface of summer water in the Thames at Hampton. The 
accurate section of the river lately published, gives a fall of 13.33 
feet from Hampton to the level of low-water spring tides at Isle- 
worth. Now these three being added together, we have nearly 
fifty- three feet ſor the height of the base above Isleworth. Having 
had no immediate means of determining what real difference there 
may be between Isle worth and low- water spring tides at tfe mouth 
of the Thames (for instance at the Hope or the Nore), I have sup- 
posed that fall to be about seven feet, so as to make the total de- 
scent sixty feet. Now, supposing the spring tides at the Nore to 
rise eighteen feet, if, according to M. De la Lande's method, we 
deduct one-third of eighteen, viz. six feet from sixty, we shall 
| have fifty-four feet, or nine fathoms, that the mean surface of 
the sea is below the measured base. Whether this conclusion be 
perfectly accurate or not is of no moment, since a whole fathom 
of difference (and I apprehend we are not farther from the truth) | 
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enabled to asg any probable time, for the different 
to their 


- About the me time likewise, a paper was laid before the Royal 
4 Witold Or CURED of 2 to de followed 


For eber months of the spring and zummer of 1587, 
Ramsden had been zeriously at work, in endeavouring to finish the 


at * 


. 0 £ 96 9 
instrument intended for the measurement of the aus. * Not 
having employed a sufficient number of workmen upon it at the 


outset, it was now evident, that he had even deceived himself, by 
leaving too much to be dene at the latter end! At length, how-= 
ever, the instrument was produced, and placed, on on the gist of July, 
at the station ner Hampton Pœorheuss . 
„ commencing an operation of this hatureß ats advanced a 
season of the year, it was sufficiently obvious, that only very faĩnt 
hopes could be entertained of bringing it to a conclusion before the 
bad weather would set in. But it being of much importance to get 
the triangles, whigh.extentLacross. the Channel, at all. events exe- 
| cuted, it was.therefore proposed 40 Comte. de. Fn — 5 
time had been; appointed: by1the,, 
intend: their part of the bus] | L 3 
might suit him best for our meeting on the coast ; that we would 


d tion, to,theweatwary, and. having; in 
ncert executed the coat, txiangles; We W guld resume the inland 
parts, of our own series at; some more. convenient. opportunity.) 
This proposition being readily acceded 40 hu Cpm te. de Camipi, 
the 2oth of September vas; appojpted for oug, rapping, t.the 
caasts « of Dover, apd Calais respę SVN fs Nhẽuupτ gw Hoi 
In the mean time our.operation, was, continued, ming ** 
— care and assiduity, through the first ten stations of 
; Series of triangles, from Hampton Poorhouse to that ar n 
Hill inclusively. f 


- _ N 1 as. * hot 
> oft 10: omit ↄldsdoiꝗ yas rivize of boſda 


, 0 the. apparatus, were 


The instrument, and the various pal 
then removed to Dover, at which place Mess: de Cassigiz Mechain, 
and Le Gendre, three distinguished member of the Academy, of 


Sciences, arrived;on the ag of September ,;11, niger 

In the course of two days that. thesen gentlemen honoured us 
with their company at Dover, every thing was settled in the 
most amicable. manne1 posibie, with regard to the te. 
e een. f 1 10% 18 Leu 192 110 bent mathe 


L 91 
bs A great uumber of White lights, fitted fv latif diitindes; and 


several ory lamps had been previously provided. Having 
been supplied with such a proportion of the lights as seemed ne- 


coessary for their side of the Channel, and one of the lamps, the 


French gentlemen departed ſor Calais on the e e Een 
by Dr. Blagden, who attended them during the time of the c 
operation, until it was finally closed on the 17th of October... 


For the greater part of the time, the weather Was . 
bad: nevertheless, on the particular nights when the most impor- 
tant observations on our side were made, namely, those at Dover 
and Fairliguc Down; the nights happened very fortunately to be 


favourable, so as to enable us to intersect, with great accuracy, 
the two distant points on the French coast of Blancnex and Mont- 


— nn. 


nection between the two countries. 


The Duke of Richmond, Master Generel af lis Wee OY . 


nance; had, in the most liberal manner possible, givenevery assistance 
to che operation (from that great department over which he presides 
with so much honour to himself and advantage to the public) by 
furnishing an officer and a detachment of artillery-men for the 
work; ordering the laboratory at Woolwich to supply whatever 
fire works might be wanted for signals; and temporary scaffolds 
to be erected at Greenwich Observatory, Shooter's Hill, and Dover 
Castle, for the reception of the instrument. But what was still of 
more importance than any of these, his Grace had permitted Lieut. 
Fiddes (one of the engineers, on the survey then under my direc- 

tion) to be employed, in the summers of 1786 and 1787, in making 
a very accurate plan of that part of Romney Marsh where the 
base of verification was to be measured. In a country 0 much 

„The name of this hill i: is Athy pi ou ed Boulemberg, and it is © eve 1 0 5 "mh en 

in the ame manner in the book, Te hun ridieme vtriſtt. SE e SPELL 
1. Major Congreve, of the Royal Artillery, had the 8 _ 
Sbocker's Hill; and his assistance was found to be most essentially useful. 
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intersected by ditches, and where there: were — 
water to be avoided, without euch a plan raised beforehand ; an 
operation of $0 en Wade FI l e eb ood 
effected. 188430 
nee eee bece wich the etect 
chain, notwithstanding the urgency of the case, wasnot sent to its 
destination until the end uf the ſirat week of October. To Lieut. 
Fiddes the engineer, was then joined Licut. Bryce of the Royal Ar- 
tilery:; and it was hot before: the beginning of December, that 
these two gentlemen; with the most unremitting labour and per- 


_ 8everance, were able to accomplish the re en * 
seen hereafter im mn 


In finishing the co · operation with the French Commissioner 
at Lydd on the 17th of October, nnn . 
through sixteen stations out of twenty-three. There of course re- 
tions to be made. Eagerly wishing to bring the business to a2 
possible to continue it, with any hopes of being able to make satis- 
| factory observations. m — lich steeples, auch 
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the most important observations could only be made at night, by 
— by eee pet Kee pg 
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On 5 second of A was accordingly. 
— Signet, 44 
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The winter months were employed. in —— 
tions that had been made g and from these we were very well 


enabled to judge to hat u degree of accuracy we had arrived in 
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— 


— 
ͤ— —_———_ for-Frant and Goudhurst, hav- 


ing been intersected from Botley Hill, Wrotham Hill; and Holling- 
born Hill ; 5 Goudhurst having been observed from Tenterden, and Ds 


Frant having (contrary to our expectation) been seen and observed! 
from Fairlight Down, we had thereby the certain means of deter- 
mining very nearly. whit difference there would be between the 
measured and computed length of either base as given by the _ 
although observations had not been made at the two intermediate 
stations of Goudhurst and Frant: This difference, it was seen, 
would be but trifling. In as far, therefore; as the results of the 
plane triangles were concerned, we might have proceeded with the 
computations, and drawn the 1 er without 
—— any risk of sensible error 
But, besides that it might still have been ad that the inetrument 
had not been placed at these two stations, there were of 
different kind, which: rendered it in some degree necessary to plac 
the instrument not only at Goudhurst and Frantz but also pps 4 2 
Hill and Folkstone/Turnpike; where it had formerly stood. 
We made observations of the pole-star at Dover Castle, but On 
station, though about 466 feet above the sea, is nevertheless sur- 
rounded on the land side with eininenees; at the distance of six, 
or seven miles still higher than itself. From that eircum- 
stance, we ſound it impossible to connect it with an e 
che westward, otherwise than by a short side: and conse 
the observations of the star became useless. Botley Hill, Goudhurst, 
and Folkstone Turnpike, therefore, presented themselves e 
Stations for observing the directions of the meridian. — 
In 1787; when at the station on St. Ann's Hill; in a e 
witnd; the ber containing the axis-level was blown from the soaffold, 
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TW, with a new ant level. amar l the beginning 
of August, 1788. OPAL 161 FIR, OAT 

The benden at e Frant) Bedey Hill, and Folk- | 
stone Turnpike, having been finished early in September, the in · 


strument was brought back to town, 1 07 


it was employed for three days for: the following purpose. 
In 1787, when at the stations of Hundred Acres, Norwood, A 
n and Shooter's Hill, we had only been able to determine, in 
a satisfactory manner, two points within the limits of the Capital, 
namely, St. Paułs Church and Argyll-street, the last by means of 
the white lights. Bearings of some others, it is true; were obtained; 
but, in order that these might be intersected in the best manner, 
it became necessary to place the instrument at one or more stations 
to the northward of the towr. 
With the view, therefore, of e the Ane Waste 
for a much more accurate plan of London than could ere 
obtained in any other way, the instrument was placed, first, at 
Hornsey Hill, to the eastward of Highgate; and pg 
Primrose Hill, between London and Hampstead. Ts; 
Although the weather was rather attitude at ow time of 1 
making the observations from these two new stations; and that 
the smoke constantly hanging over the town in the latter season 
impeded us greatly: nevertheless, the former bearings were inter- 
| gected, and the situations of a considerable number of remarkable 
steeples within London and its environs, were accurately deter- 
mined, as will more . epi _— of _ econ. _ ar 
"Having thus vrieflyshown the — with din e 3 
the recent operation, through its various steps, was progressively 
carried on and completed, it is proper that I should mention, that 
Mr. Dalby, who had been recommended as an assistant, has ac- 
it alf througho &-tho,whale perky. to my bination. 


Description of the Apparatus made use of in the Measurement of the 
Base of Verification in Romney Marsb, with the bundred-feet steel 
chain, in the autumn of 1787, with the recult 7 4 that J prop 
 Referents to hos bad to Plates VI. and VII. 85 
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19. In the account of the measurement of the hag on 3 
Heath i in 1784, we had occasion to show, how, very accurately dis- 
tances might be determined by the steel chain, when applied in 

the ordinary way on the natural surface of the ground, if that sur- 
5 face happened to be tolerably smooth, which was the case in the 
instance alluded to. By the comparison of the measurement of a 
. length c of one thousand feet with the glass rods, and with the chain 
when, used with an apparatus adapted. tothe purpose, it further 
: appeared, that the difference, between the results was so very small 
as scarcely to be discernible, since it would not have ed half 
an inch on the whole length of that base of 27404 feet. | 
Having always considered the experiment on 1 Heath, 
just now mentioned, as positive proof of the, excellency of the 
chain, it had been resolved on to apply it to the mensuration of 
the base of verification in Romney Marsh, even if no other rea- 
sons had existed to make that choice eligible. But, besides the 
danger of having the glass rods broken, in transporting to so great 
a distance from London, and, on such an event happening, the 
impossibility of getting them replaced with others, at the advanced 
Season of the year in which we were unfortunately thrown with 
the operation, it was obvious, that in a plain of the breadth of * 
six miles, so much interseeted with ditches full of water as Rom 
ney Marsh in kr is, the ing of bridges for the tripod ande 
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91 
which must have been used with the glass rods, would alone have 
been a OY” 828 * 8 * 
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20. >. in the fret place, ahout thirty beet made Fe Say — 
three inches in diameter, and of different lengths, from two feet 


three inches to three feet six, and a few of them still longer, were 


provided. They were shod with iron, and each of them carried 5 


on its top a cast- iron ferrule; with two dovetails projecting from 
it; care being taken in driving - them into the ground, that the 
devetails should stand in or nearly i in the direction of the base, as 
represented by the plan and seetion of a single post in the middle 
part of Plate VI. The arrangement of twenty-four of these posts 
may be seen at the top of the said plate, for the measurement of a | 
portion of the base equal to one bundred yards, or the length of 
three chains. Sixteen of the posts, reckoning” from that which 
stands in the centre of tlie first group, to that which Stands in'the 
centre of the second, and so on from right to left, were placed at 
the distance of twenty feet from each other. The first is suppose 
to coincide with the mouth of the pipe Sunk- into the earth, at the 
eastern extremĩty of the base, at a place called High Nook near 
Dymchurch; and every fifth post from that towards the left, marks 
| the end of a chain. The other. eight posts in the arrangement, 
that is to say, the right and left posts of each of the four groups, 
are supposed to stand twelve or ſifteen inches from those in the 
centre. By referring to the elevation near che top, and the plans 
and section in the middle part of Plate VI. it will be perceived, 
that these posts, together with certain other iron parts of the ap- 
paratus fixed to them, hereafter to be described. support the ends 
of dhe coffering for each chain, free and independent elchee den- 
— to which last the brass scales alone are attached 
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| 3 for the length of three chains, being five to each. Six 
of them, that is to say, the first and fifth, the sixth and tenth, the 
| eleventh and fifteenth, being the first and last of each chain, were 
only nineteen feet four or five inches in length. The other nine, 
being the three in the middle of each chain, were of the complete 
length of twenty feet. These coffers perfectly resemibled in shape, 
and nearly in dimensions, the cases of the glass rods, being ten 
inches broad in the middle, and uniformly of that depth through- 
out their whole length. But from the middle they became gra- 
dually nar wer, iti a ereilte rider? towards each end, where 
they were only two inches wide. The two cheeks or sides were 
about half an inch thick, and the bottom, Which entered into a 
shallow groove in the middle of the cheeks, was an inch in thick- 
ness. Thus the cheeks being thin, bent and applied easily to the 
bottom, to Which they were firmly nailed, and the whole was for- 
| tified by small blocks of wood fastened at intervals in the inside, 
sometimes above and sometimes below the bottom. From the 
elevation it will be perteived, that nine or ten inches of the under 
extremities of the cheeks were cut off, so as to permit the bottom 
itself to rest on the irons. This construction of the coffers was found 1 
to answer very well, that is to say, they were, considering their 
length, not 80 heavy as to be unmanageable, at the same time that 
by their general figure, and particularly the depth « of the cheeks, 
they were entirely prevented from warping. 
In addition to the fifteen coffers, just now described, a sixteenth, 
not represented in the plate, was as afterwards prepared at Hythe, by | 
Lieut. Fiddes, to be used ccasionally, when the end of one chain, Hh: 
and comin encement of another, coincided with: a deep ditch or one 
of the sewers full of water; all WRErG'oT © course it would Have been 
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xtra difficult, if not kephnoinle; to have fixed steadily the 
group of three posts in the usual manner. In this coffer there 
was a double or false bottom, with grooves adapted for the pur- 
pose; and the brass scale, pulley, eee 
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irons, ” 
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ene, f cast iron, Se. for the Ends of the Chain. 
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"06; Ny e to the plate 8 — . 1 the 
apparatus for the extremities of the chain are represented in pian 
and section, by a scale equal to one-fourth of their real dimen- 
sions, it will appear that the cast-iron pieces were of two different 
forms, one long, and the other short; but both applied in the 
| same manner, on the ſerrules binding the tops of the posts, as has 
been already mentioned. Of the long kind there were in all 
| fifteen or sixteen, that is to say, one for each post in a length of 
three chains. Each iron had two clamps on its under side, which 

being slackened, it was placed on its ferrule at right angles to the 
line of measurement; and being turned round go, the dovetails 
of the ferrule, standing originally in the direction of the base, 
came within the clamps, which were then ti ightened ho: four 


screws, turned with Square keys adapted to the purpose. ont 
It is sufficiently obvious, that so many irons, with such a num- 
ber of screws to each, could not fail of rendering this operation 
tedious! The business would have been greatly expedited if there 
had been only two such screws, one on each end, in a middle 
situation; and, instead of the four screws, there should have 
been four steady pins, entering easily into holes prepared for them 
in the under side. A short groove, of two or three inches i in 
length, in each extremity. of the bottom, would, on this supposi- 


tion, have been necessary to suffer the square beads of the Screws 
to youu; and it will be ad. conceived, | that the, e of the 


screw adapted to the right-hand end. 


rw1 


—— secured the chain from touching 5 
them, prevented the mutilation of its handles, and saved much 
oss of time. Indeed the same purpose might have been effected, 
but not 50 advantageously, by laying the original four screws 
lower in the iron, which its thickness easily admitted of. Finally, 
in order to avoid such like inconveniences in future, there is still 
one In EIN more, which it is incumbent on me to remark, 
, that cast - iron ferrules will not answer; for the force that 
3 — burst 
almost the whole of them, so that before the operation was com- 
| tn ts dess, np I chi 340 
ä ad Gar wacky a 
of the chain, and a spare one in case of accident. They were 
placed, turned, and clamped on the ferrules, in all respects simi- 
larly with those of the long kind. By inspection of the plate it 
will be seen, that each of them carried on its surface a brass scale 
of six inches in length, divided into inches and quarters, and 
moveable in a slide, either backwards or forwards, by a finger- 


The right-hand post of each group is called the drawing-posl, 
because the iron fixed on its top carries a small apparatus of brass, 
which being connected with the flat iron rod and hooks formerly 
used at Hounslow Heath, for a like purpose, lays hold of the rear 
handle of the chain, and draws it back until zero coincides with 
the point of commencement. The left-hand post in each group 
is called the weight-post, because it carried a brass pulley, over 
which a weight of 28 lbs. was hung by a small rope attached to 
the hooks that laid hold of the front handle of the chain. This 
weight acting against the force of the screw at the other end, the 
chain was thereby kept perfectly straight in the coffers, and con- 
3 in the : same degree of tension, until some certain division 
O 
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babe instance) of the scale could be brought, Wenns 
of; the screw, accurately to coĩneide with 100 feet at the front 
end. That division, whatever it might be, was of course regis- 
tered in the field bock of the operation, together with the true 
temperature of the chain, as shewn by five thermometers, one 
being laid for that purpose in each coffer, and secured _ n 
cloth from the sun's rays, as occasion might require. © 745 grith 
Fifteen coffers were always arranged on the e same 
time, comprehending a space of the base equal to the lengthiof 
three chains, or 100 yards. The extremities of the first chain 
having been accurately transferred, in the manner above men- 
tioned, to the brass scales on the tops of the central posts, and 
these remaining firm and motionless, as being wholly uncon- 
nected with any other parts of the apparatus, the chain was then 
moved forward into the second set of coffers, where the thermo- 
meters were also placed. In the mean time, the first set of 
coffers, now vacated, with their posts, &c. were carried on and 
arranged i in the front, for the measurement of the second 100 nt g 
8 80 on continually with the others in succession. gantry 


: CE the Surve ey Cl Romney Marsb previously to the Meazurement of the 
: | Base. 


23. In the tiltebdugtion to this Account, it has dick mentioned 
that the Duke of Richmond had permitted Lieutenant Fiddes, of 
the Royal Engineers, to be employed in 1786 and 1787 in raising 
a plan of that part of the Marsh where, on examination, it should 
be found, that the base of verification might be the best executed. 
In justice to that Officer, I consider it as incumbent on me to say, 
that it was impossible for any person to fulfil the duties entrusted 
to him better than he did, either in the course of the survey, or 

subsequent measurement of the base, whereof he also had the 
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— — i th 
ation for his work, he chould e Ruckinge as th 


ng med ae de eee of Wut d rent the ee In anckr's. 
manner as to meet with che fewest local obstructions to the men- 


nent between the two extremities. By inspection of the 
and Plate VII. which comprehends a tract of country of two miles 
in breadth, one on each side of the base line, it will be perceived, 
that besides the numberless ditches with which this singular plain 
is intersected, and which it was impossible to avoid crossing, there 
is almost in every field a watering pond for the cattle, many of 
Mr. Fiddes been to the accuracy of his survey, that he was enabled, 
after several trials of other directions, to run a line from High 
Church, of the length of nearly six miles, without interfering with 
any one of the watering ponds, or meeting with any other local 
obstruction of consequence. So very minute was he in his re- 
marks, and so accurate in the situation of particular trees, that in 

_ tracing his line with the telescope, he managed so as to avoid 
them all, a few insignificant bushes excepted ; which I believe to 
Wan wir o SO eee 
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. cen N eee eee eee 
prietors of the soil, pipes were sunk into the ground at the two 


extremities of the base, and also one on Allington Knoll, which 
last point with Lydd Church form that side of one of _ 


Vr. Dab eee 
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— depending on the base on Hounslow Heath, to be first 

verified by the measurement of this new base. Every field is 
| Surrounded with a ditch, in cleaning of which the earth and mud 
are continually thrown out on each side, whereby flat dikes are 
gradually-formed on either side. That the measurement might 
be carried on as nearly as possible in the same plane, that is to 
say, about fifteen or eighteen inches above the common surface, 

therefore narrow grooves were cut in these flat dikes, which the 
_ different farmers readily consented to without murmuring. Here 
it is to be observed, that there was no occasion for levelling the line, 

Romney Marsh having been formerly covered by the sea, and a 
considerable part of it, particularly towards the bottom of the 
range of hills that separate it from the Wealds of Kent, being 
Still lower than the sea at high water, would again be overflowed 
by it, if much care and expence were not annually bestowed in 
Securing and repairing the dikes,” whereby it is protected. Thus 
the line of the base may be considered as an inclined plane, de- 
scending gradually about five feet from the mouth of High Nook 
pipe to within 246 yards of the Ruckinge end, where the ground 
in that direction seems to be the lowest. Thence it rises com- 
paratively suddenly, about fifteen feet, to the mouth of the pipe 
situated in a n en wine ee to Ruckings Church- 
and. 7 hi, bot 0 18555 , l H reid 


Result of the Meanurement. 


25. Lieutenant Fiddes, in the course of his nai sur- 
vey, and of the different measurements he had actually made of 
the line with a common iron e which mn time to time was 


: Plain, 3 by himself 3 aqua] surveys, where heed docks: of 
the waterings, and many other curious particulars, are very distinctly expressed. 
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ared with. standard rods of deal, had determined the total 
length of the lese within a few fert of the truth, before the lt 


mate operation began. He had likewise driven into the ground, 
at the end of every thousand feet, a strong picket, which were 


numbered 1, a, 3g. &c. from the pipe at High Nook to the 28th 
near Ruckinge. In all this preparatory part of the business he had 
no other assistants than the artillery- men of his guryeying party. 


But for the ultimate determination, the aid of some person in whom 


he could confide for the management of the operation in general, 
and particularly for the adjustment of the scale at one end of the 
chain, while he himself was adjusting that at the other was abso- 
lately necessary; therefore Lieutenant Bryce, of the Royal Artillery 
(now of the corps of Royal Engineers), an attentive officer, and 
mathematician, was left with him for those essential purposes. 
These two gentlemen began the operation on the 15th of October, 
and after experiencing many difficulties, arising from the badness 
of the weather in that late season of the year, and the defective- 
ness of the apparatus, it was only by dint of great labour, and the 
utmost perseverance, that they were enabled to accomplish the 
measurement on the 4th of December following. 

The annexed table of the base, ns eee 
8 that was made in the work from day to day. 
The first column contains the date; the second, the spaces mea- 
sured each day, reckoned by hundreds of yards, and denoted in 
the general plan by strong dots; and the third shews the tempe- 


rature of the chain deduced from the mean of fifteen thermo- : 


wan or five for each h chain. 
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By 3 that the l of the 
base, as given directly by the chain, was 951 2.2454 yards, or 
w_ 36736 chains = 2856 feet, 8.835 inches. 

But when the new points, at the distance of 25 feet from each 
ocker were laid off on the chain in Mr. Ramsden's shop, from the 
original points on the great plank of New England deal, the tem- 
perature was 35. ' The original points bere alluded to (by General 

Roy), must be those mentioned in the account of the Hounslow Heath 
base (5), which were fixed in the plank, from the brass standard, in the 
temparature of 690.* Therefore, as the chain in the temperature 
of 55 was equal to 100 feet of the brass standard in that of 69. 
it follows from the table of expansions (p. 88.) that its length in 
39 fc was equal to 100 feet of the brass standard in 62%; and conse- 
quently 58 18 is the temperature to which the measurement by the 
chain must be reduced. Now the sum of all the degrees, shewn by 


the neee being 4552 7 * 15 * 68390. 53 and — a 
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length = = 285. 86736 chains, we have 285. 86736 * 5378— = Ss x 


.oo76g inch. = 12.8 inches, the contraction below 33 1 This 
correction to be Subtracted from the apparent length. 
Previous to the men the length of the chain 1 was laid 
off, 3 in the temperature of 535 f on St. James's churchyard wall, 
two brass pins being fixed in the coping for that purpose. After 
the measurement on Romney Marsh was finished, the chain, in 
the temperature of g, being stretched out on the wall, it fell short 
of the origingl. points in the brass pins by £23: of an inch. Now 


35652 —g9* = 16, and 164 & 076g = 9.126 inch... Hence 0.126 


— o. oag inch, is what the chain had lengthened during 
the measurement : half of this, or 0.0115 multiplied by 285. 37 


* The chain was tried against the new ones when the wid on Hoindow Heats 


was 're-measured in 1791 : from whence | it WY 1 must N been 1 =z 
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(chains) gives g. 252 inches This correction to be added: to the 


A length. rin nt yd eib eee, 26 er 
2; 23 ol 88,8 „81 00 Feet. In. 
Apparent length, FC ae 8.885 
Correction for contraction of the chan, 1 5 204, each, ly 
Correction for the wear of the chain, add. ial 8.250 


Correction for two hypothenusal ee, the. 224 
\. Ruckinge end of the base being suddenly elevat- e 
dd 135 feet above the lowest part. sub. 0 3.02 
5 Correction for height of the base above the — 
level of the sea, supposed to be about 134 feet, sub. _ ©. 0.166 
Length of the base in the temperature of 62. f W 
* Fahrenheit” s thermometer, or the length, suppos- 
ing it had been measured with the brass standard REFINE ION 
x in that W GEE 427 ene 28535 8. 127 
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As A er that the expansion of the chain, was accurately de- 
termined, I shall close this article with a remark repeatedly made 
by the two gentlemen entrusted with the execution of this last 
measurement. At the close of each day's work, the two scales 
marking the extremities of the last chain (after registering the 
divisions of coincidence) were left upon their! respective posts until 
the next morning. They were secured during the night, from 
being disturbed by cattle, with a certain number of the spare posts 
driven into the ground around them. A tent was also pitched 
between the two, where some men of the party constantly lay, by 
way of a guard for the whole apparatus. On the recommence- 
ment of the operation the subsequent morning, the chain being 
applied anew to the brass scales; if the temperature continued 
the same, the coincidences were found to be equally accurate as 
on the preceding night ; but if i it had changed one or two degrees, 

” the chain never failed unequivocally to shew it, by ang Short of 


C 


the divisions on the ocales, if the cold had Jncres 
reaching them, if it had diminished.. 505 
Finally, with respect . ante NS 
be remarked, that the base of verification in Romney Marsh makes 
with the meridian of the pipe at High Nook an angle of 34 28 
56” north-westward ; and tbat on Hounslow Heath makes with 
the meridian of the pipe at Hampton Poorhouse an angle of 47 
417 49“, also north-westward. But those ee eee 
by eee and therefors cannot be contidered | as "uw 


” . * 
4 3 T * 


* 
I. 


| ae Benet eee e, . 
| the recent Trigonometrical Operation, were observed; sbewing also 
its various adjustments for practice. Reference io be bad to Plate 
VIII. a general View of the entire Machine ; Plate IX. a Plan and 
tro Sections; Plate X. various $1 2h hit OO es: 
and Plate XI. {os e and ee 


mY 1 eee to Anteride: the curious instrument made 
use of for observing the angles in the recent trigonometrical ope- 
ration, it has been judged best to confine ourselves to the principal 
5 parts, without entering into any detail of the minutiæ : for even 

to have mentioned these, with the almost inſinite number of little 
screws that serve to unite them into one entire machine, which 
could only have been done by references to a multitude of great 
and small Roman and Greek characters, would have been a dis- 
gusting labour. By the help of the four plates which this descrip- 
tion refers to, and which have been executed with great. care, that 
fewer wore s might suffice, i it is hoped, that the instrument may be 
understood by two classes of people for whom it is chiefly in- 


tended; first, — who . © machine, 
* 


* 


IF; 


© . | 1 
rn eee bed use; 4 

by such ingenious artists as e 
other; for these last, in particular, the parts that are of br of 


 bell-metal, or of steel, are dictinguiched-from-ench other. | And 


here it is necessary to observe, that the plates must mot only be 
frequently consulted, but also attentively considered and repeat- 
a een an neee, of this description. 
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| a great Theodolite, rendered extremely perfect; having this advan- 
tage in particular, which common theodolites have not, that its 
transit telescope can be nicely adjusted by inverzion on its p- 
ports; chat is to say, it eee, Keen ns- egen 
manner that transit · instruments are, in fixed « 1 
r ——— oe many inal w 
2 large vertical, conical hollow axis, of twenty- our inrhes in 
" height, which may be called the exterior axis. Within the base 
of this hollow axis, a collar of cast steel is trongly 

its top there is inserted a thic e bell-metal plate, with oping 
Vi e e e et e ee 
a little. 
| ee hich Perego ar 
each other at the place where they branch off, by a strong cixcular 
plate of bell- metal, upon which rises another vertical hollow cone, 
pots b eee een dee 
fore called the interior axis. On its top is inserted a cast- 

ie eee e eee 

ground to fit che cheeks. of the ther. The bell-metal base of t 
interior axis is in;like manner ground to fit: the cast-steel collar in 
the hase of that which is without it. Thus the circle being lifted 
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— the inerir ax, the choke at the top tang arti 
n thake. This mode of centering is one of the chief excel- 
lencies of the instrument. From the use that Has been made of 
it both years, it zxems-not to have suffered in the least; and it is 
2 1 that could have answered for a 


from — — gh as whe : 


Ie pe eas A gpl 7 C37 2 * 10 in A 


* — © : +3 ; 4 44 ; "I; 4 1 ; : * * 
35 2 — x 22 - $$? . 4 OE) . 125 - - 1 E 172 *3 22 4 (5: 73 £3 111 1 I $7 5 ' 4 * * #3 - — 5 OY N08 a 
4 1 a ; a 
wh -_— 4 22 r 2 
4 Sal {7 TEL; A 111 if 233 FEI 15 41 4. 2 


ganas gin HALL ACT ira ii, 
that there are three planes of mahogany under the metal parts of 
the instrument ; namely, that which forms the top of the stand. 
which, although a square of about ree fe 

becomes, by the separation of the legs, an octagon at top. In the 
centre there is a circular opening of nine inches diameter, the use 
of which will appenr Textalbcr.” Over the top of the stand Hes 
another plane of mahogany, like wise an octagon, of somewhat 
1 — with a circular curb running 
around it, about half an inch within the planes of its sides. This 
octagon hath in its centre an open cottica socket of brass, three 
inches in diameter; and on four of its opposite sides there are 
fixed four strong brass screws, one on each side, which acting 
—— — bed e 
may thereby be moved in four opposite directions, until the plum 
met suspended from the centre of the instrument above, is accu 

* 


four inches at bottom, 


thing that rests on it, 


# 


c l 
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_ underneath. The third or uppermost plane of mahogany is \.. = 
fact a part of the instrument itself, being at all times by screws 
| | eby it is 
 lifted-out for use, or in again into its case, to be transported from 
place to place. In the middle of this plane or bottom to the in- 


or otherwise united to it, and carrying the handles h- 


strument, there is another conical brass socket, of three inches and 


a quarter in diameter, fitted to slip over and turn easily on that in 
the centre of the octagon underneath. In the brass cover of this 
socket, there is a very small hole concentric with the instrument, 
to suffer the thread or wire to pass, which suspends the plummet: 
and in the view, Pl. VIII. may be seen another small box that 
contains the thread, with a winch- handle for raising or lowering | 
the plummet, according as the height of the instrument above the 


station on the — or edifice where hs stands, may require. 


Feet Screws for tvelling the Instrument. 


29. BV attending to the group representing the front nen = 
of the feet screws, with its side nuts, in the right-hand u pward 0 
angle of Pl. X. it will appear, that they are slackened, which is 
always the case before the instrument is levelled, to give room for 
that operation by the action of the screws. This being done, the 


side nuts are brought to press gently on the horizontal plate that 


embraces the whole group, and thereby keeps the instrument as it 
were united to the mahogany until some fresh adjustment becomes 
necessary. When the instrument is to be put into its case, then 
the feet are let down, and by the side nuts the horizontal plate is 
brought to press strongly on the whole group, whereby it is kept 
perfectly fast and Secure d man. in carrying from one pages 


tion to another. 
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80. By referring also to Pl. X. it W that A. 
Ederen to the lower surface of the ny 
, Curvy r in the direction of its mo- - 
tion. on en three blocks rests the whole weight of the instru- 
ment, which nevertheless can be moyed circularly on them alone. 
But to render the motion perfectly easy, three conical brass rollers, | 
placed somewhat nearer; to the centre, are, by means of their re- 
spective springs and regulating screws, brought to act and: receive 
such a proportion of the weight as it may be necessary to lay upon 
them. The head of one of these screws, which: give more or less 5 
action to the rollers, may be seen at D in the principal view of the * 
instrument T ae the plan and. 4 ecti b XK... 


— * 
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1 giving Motion to the wa Inctrument. 5 


31. By examining atientively the general view of the instru- 
ment, may be seen, in two positions, the great screw with the flat 
ivory head, whereby the entire machine received a a circular motion. 
In one, it is attached to the curbs, as when jn use in 1787 ; in the 
other, it is laid upon the mahogany. bottom, as was the case the 
same year every time it was carried to a new situation. But this 
ivory-headed screw having been found to act by jerks in moving 
so great a weight, and consequently to be troublesome in adjust 
ing the instrument to the fixed point, or ſhat of commencement 
in measuring angles; it was therefore laid aside in 1788, and an- 
other apparatus or clamp was adapted for the same purpose. This 
last may be seen attached to the curbs, as represented towards the 
right hand of Pl. X. It consists of a brass cock, fixed to, and pro- 
Jecting outwards from, the curb of the instrument; which ock s 
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acted upon by two screws working on the opposite aides — 
it, and which are e to the curb of the e 15 | 
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32. „The cds whereon thes three feet of the inctrwandnk: pion | 
carries a balustrade of mahogany fitted to receive on the top there · 

of, a mahogany cover, no where represented except in the two 
sections in Pl. IX. In this cover there are only four small open - 
* (besides that which allows the great vertical axis to pass), 
viz. one for each vertical microscope, one for the clamp of the 
circle, and one for the socket of the Hook's-joint. The two last 
are less than the former. At the same time that this cover effec - 
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tually secures the circle with its cones from dirt and from acci- 
dents, it serves conveniently for laying the Hook s- joint upon, or 


any thing that may be constantly wanted near at hand; but more 
particularly for placing the lanterns used at night, for reading off 
the divisions on the limb of the instrument chat come e immediately 


under the in eee dhe SH es 


"  Achromatic Trlescopes UL 5 
33 Two. achromatic telescopes, each of thürty- air 3 1 3 


length, with double object glasses of two inches and a half aper- 
ture, belong to the instrument. They are excellent of their ki nd, 
and are furnished with eye: pieces of different magnifying powers, 


for erect as well as inverted vision. The lower telescope lies ex- 


actly under the centre of the instrument, and is directed throu gh 


one of the openings of the balustrade. Being only used for terres- 
trial objects, it requires but a small elevation or depression, and 


therefore is only supplied with a short axis of seventeen inches in 
| length, 2 by braces attached t. to an feet. The eye end of 


tends across the top of the vertical axis, supported by two side | 
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this telescope is purpot made heavier than the object end; and 
resting on an horizontal arm, that is raised or depressed by rack- 
work, it is thereby readily-brought to bear, and remain very steu- 
dily, upon its object. The rack -work may be seen in the view of 
the instrument, and also on the left side of the right-hand section 
in Pl. IX. But there is a small horizontal motion that can be given 
to the right-hand end of the axis of this telescope, which is effected 
dy means of a handle inserted through the vacancy of the balus- 
trades, and placed on a dovetail at E, which could not be shewh 
in the plate. Thus the instrument being nicely levelled, the upper 
telescope at zero, and like wise on its object, the lower telescope, 
by the help of this adjustment, is brought accurately to the same 
object, supposed to be the cory of commencement, © or . from 
which angles are measured. 
By referring to Pl. VIII. 2 IR. and 1 ; cis Section. 
on the left side of Pl. X. it will be seen, that a horizontal bar ex- 


braces that spring from the cone, about one-third of its: height i 
above the plane of the instrument. The horizontal bar carries the 
Ys or supports, in which the pivots of the upper telescope move. 


= They are of such height as to permit a semicircle of six inches 


radius, attached to the axis of the transit, to pass freely, and con- 
sequently the telescope to be directed to the sun or stars in high 
elevations, but not to be brought to the zenith. The arc of excess 
of the semicircle ee admits 5 f sereral 1 HI of ee | 
being m measured thereon.” BY 7 


Spirit-Levels, 


34 The instrument has two very good attterds, that are 
fitted with the several means of adjustment, as is usual in such 
cases, the detail of which it is unnecessary here to enter into. 


4 1 


1 axis level, becanes It is only applied on the axiv'of the 


” telescope, is that whereby it is set horizontal, as in the ordinary 
transit instrument; and it is likewise used ſor placing the conical 


axis truly vertical, so that the instrument may turn round without 
EE NE AC RAR as 
| pole-star, or of other heavenly bodies. 

The second, or dlevation level, is that whereby the telexvope. | 
is brought to be truly horizontal, when angles of elevation or : 


depression are to be taken: At such times it is suspended on a 


rod attached to the outside of the telescope, to whose axis of vision 

the rod, by adjustment; can be made parallel, as will readily be 

8 FF 
right-hand section of Fl. _ 

"When the angles ::.. i6'H6 Apts 
are very small. they are measured by the motion of an horizontal 

wire in the focus of the eye-glass of the telescope ; but, when 

Ry ee ene e eee en 


semicircle, as shewn by its proper horizontal microscope. 


The elevation level is Ike wise made use of for levelling the 
instrument when horizontal angles only are to be taken, for which 
purpose it is suspended on two pins, which are seen projecting 
from the horizontal bar in the plan, and one of them in each of 
the sections in Pl. IX. This was the ordinary position of the 
elevation level when the angles of the triangles were observed, 
and thereby it was easily seen in the course of the operation, 
„ e eee Breen: ee 


adjustment * 


. ee ne and in the middle 
* — 
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5 rated-elliptical iuuminator for throwing light on the w wires in night 
| obseryations. The light is communicated from a small lantern at- 
tached to the horizontal bar at its junction with the brace, directly 
opposite to the end of the axis, which has abit of thin glass placed 
before it to prevent dust from entering. There is another sueh 
lantern for the lower telescope, not however represented in the 

plate. As the light given by these lanterns was found to be ra- 
ther too weak, especially that for the upper telescope, therefore it 
mary in practice to-illuminate the wires, by holding up 
frontwise one of those seen in the section in Pl. IX. against the 
end of the axis of the upper telescope, when directed to the pole- 
star. The same method was used by presenting it obliquely to 
the object-glass of the lower telescope, when it became necessary 


8 to examine whether the intersection of the wires continued with- 


out sensible variation on a reverberatory lamp, commonly placed 
twelve or fifteen miles off, and sometimes even at the great dis- 
ance of twenty or twenty-four miles. | 


| Lanterns for throwing Light on the Divisions of the Bernds 


36. Besides the two small lanterns for illuminating the wires of 
Fee ee, in night observations, two larger ones may be seen, 
as already mentioned, standing on the mahogany cover in the 
section in Pl. IX. used for reading off the divisions of the instru- 
ment under the vertical microscopes. The front of one of these 
is shewn, and the back, or that to which the handle is fixed, 
ol the other. Their narrow sides are presented towards the mi- 
croscopes, there being i in each a silvered reflector of copper at FF; 
and opposite to it, at GG, a screen of talc or transparent oiled 
paper. The light from a wax candle being thrown on the' re- 

| Hectors, and thence: back again through the screens, on the divi- 
or ofthe inctrument under the microscopes, these could be. 

stinctly read off and registered: for the light communi- 


* 
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cated in this wy wits: very cron; at the same time that the 
glare of it, which otherwise would been ere e ee a 


Sight, was removed by paztng throagh the screen. 


Arms projecting from the bell-metal Plate under the Plane of the 
Instrument. | 


37. By referring to Plates VIII. and IX. doit more eee 
tme latter, it will be perceived, that there are three flat arms, 
strongly fixed by screws to the edge of the circular bell- metal 
plate, forming, as has been already mentioned, the basis of the in- 
terior vertical axis. These arms, which are also firmly braced to 
the feet of the instrument, rise gradually as they project outwards 
towards the circumſerence of the circle, whose radius they exceed 
about an inch and a quarter, and their extremities are about an 
inch lower than its upper surface. One arm, lying directly over 
one of the feet, is that to which are attached the wheels and screw 
moved by the Hook's-joint, and also the clamp of the circle, as re- 
presented in Pl. X. The other two arms, whereof one lies also over 
a foot, and the other directly opposite to it, become thereby a dia- 


meter to the circle, having their extremities terminated in a kind 


of blunted triangular figure, forming the bases of pedestals where- | 
on stand the vertical microscopes hereafter to be described. The 
arms, together with the horizontal bar and braces carrying the 
transit telescope, are every where pierced, in order to lessen the 
weight, without diminishing the en the parts. 
Vertical Microscopes, : 5 

388. Teo vertical microopes, distinguished A and B, 3 
for reading off the divisions on the opposite sides of the circle im- 
mediately under them. They are exactly of the same construc- 


C92. 
real dimensions towards the left hand of PL XI.; where, beside 


the general, may be seen particular plans of the slides, and also 
chat of the pedestal, containing within it the gold tongue, with its 
axis and screws for adjustment. Next to these plans stand the 
elevation and optical lines, shewing the position of the glasses. 
with the magnified scale at the bottom. 
Each microscope contains two slides, one lying immediately 
over the other, their contiguous surfaces being in the focus of the 
eye-glasses. The uppermost, or that nearest the eye, is a very 
thin plate of brass, to the lower surface of which is attached the 
fixed wire, having no other motion than what is necessary for ad- 
PPT 
be explained. 
The steel slide 9 — Lerner 5s made of one 
entire piece, of sufficient thickness to permit the micrometer screw, 
of about 72 threads in an inch, to be formed of it. To its upper 
surface is fixed the moveable wire, which changes its place by the 
motion of the micrometer head, seen in the plan and elevation 
towards the right hand. The head is divided into 60 equal parts, 
each of which represents one second of angular motion of the tele- 
scope. By examining the particular plan of this steel slide, it 
will be seen, that it is attached by a chain to the spring of a 
watch, coiled up in the usual manner, within a small barrel adja- 
cent to it in the frame. By this provision no time whatever is 
lost; the smallest motion of the head being instantly shewn, by a 
— whos Sie 6 env Rgat ww ett 
the field of the microscope. 
It is necessary to remark, that the whole microscope between 
its pillars can be raised or depressed a little more or less, with re- 
gard to the plane of the circle, by the help of two steel levers, 
seen one on each side of the elevation, which for that purpose are 


— . — 


to be attended to, which is, that sixty on the micrometer head 7 
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ꝓ— whie yt oP plan By means of this motion, 
distinctness is obtained at the wires; and by the motion of the 
proper screw of the object lens, which necexzarily follows that 
given to the whole microscope, the Scale is so adjusted as that 
fifteen revolutions of the head shall move the wire over fifteen 
| minutes, or one grand division, on the limb, equal to nine hun- 
dred seconds, each degree on the circle being only divided into 
| four parts. This operation being delicate, requires great patience 
and many repetitions, before the purpose can be exactly, or even 
nearly, effected: for at the ame time that the fixed wire must 
bisect the dot on the gold tongue, the moveable wire must also 
bisect the dot at 180 on the limb, as well as the first notch in the 
magnified scale at the bottom of the plate, where the minutes in 
the field of the microscope are represented in the proportion of 

between fifteen and sixteen to one, as painted on the eye of the. 
observer. In this adjustment there is yet another circumstance 


Should stand nearly vertical, so as to be conveniently seen. A 
few seconds of inclination to one side or the other are of no mo- 
ment, because the dart or index being brought to that position,. 
whatever it may be, must at all times remain there without alte- 
ration, unless some derangement that may have happened to the 
instrument, in transporting from one place to another, should have 
rendered a fresh adjustment necessary. But if, when the wires 
coincide with their respective dots and the first notch, sixty on 
the micrometer head should happen to be underneath, or so far 
over from the vertex on either side as to be seen with difficulty, 
then the gold tongue must be moved a little by means of the cap- 
stan- headed screws, which act against each other on the opposite 
extremities of its axis. Thus, by repeated trials, the wished-for 
object will at length be effected, that is to say, sixty, to which 
the dart is to be Set, will stand in a place easily seen. But it is 


(07 
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hundred seconds for the run of fifteen minutes. Without great 
of different sights, will adjust the microscopes differently. Ac- 

cordingly, in 1787, after many trials of the runs in measuring 
fiifteen minutes on the different parts of the limb, microscope A 
was found to give only 896”, while B gave at a medium go1”. 
But in 1788, microxcope A gave goo”; while B gave no more 
than 894”. These differences were of course registered and al- 
lowed for in the estimation of the angles for computation, whereby 

any difference between them almost wholly disappeardt. 
Ihe gold tongue, which is extremely thin, applies very closely 
to the surface of the circle. In the plan it is supposed to be seen 
„e, a thin plate of brass, covering the whole pedestal, and 
also through a small square plate lying over the former, and 
fastened to it by three screws. In the under side of this last, there 


is a cavity for the projecting part of the tongue. This contriv- 


ance of the tongue with its dot was to guard against any error 
that might arise from accidental motion given to the instrument 
between one observation and another, which from this precaution 
could never happen, without being immediately discovered ; for 
the wires being. adjusted to their dots under the microscopes re- 
ppectively, if the instrument be then turned round 180, the wires 
will reciprocally bisect the dots that were originally opposite to 
them, and thereby shew, that they are accurately in the diameter 
of the circle; and so on with regard to any other dots whatever. 
Hence this becomes the most severe mode of trying the I.. 
of the divisions of the instrument. 


Manner of reading off Angles with the 8 r 


39. "By attending to the magnified scale at the bottom of the 
plate, it will appear, that the dot on the gold tongue, which is 


raw) 
here inverted; is about one minute to the leſt of zero, and also of 
the first notch, with which the moveable wire alone coincides. 
Now it will easily be conceived, from what has been said in this 
description, how readily, as well as accurately, any observation 
of an angle can be read off with such an instrument; for the de- 
grees and quarters, that is to say, the 17, 307 or 4%, being seen 
with the naked eye, and registered, the value of the fractional 
space between zero and the last past grand division, seen in the 
field of the microscope, is obtained by turning the micrameter 
head until the moveable wire bisects tlie dot at that grand divi- 
sion. The number of notches towards the right hand passed over 
on the scale, equal to so many revolutions of the head, are the 
number of minutes, always less than 157, to be added. If there 
be no odd seconds, the dart will then stand at 60 on the head; 
but, if any number of seconds are to be added, the dart will-shew,s 
by its position with regard to 60, what that number is. Thus, 
by adding the parts together, . measure of the * . is 
obtained. [114 ene 05 £5% ' 30D tr. (11% bg. ot alt, | 
The construction, acjuvtmnent/w and . of Ware vertical 
microscopes have been given more fully, because they form a 
most essential part of the instrument: for the fixed wire con- 
stantly remaining on its dot, the fractional space may be repeat- 
edly measured many times over, if necessary, and a mean result 
may then be taken. But it rarely happens that two observers, 
reading off with the opposite microscopes, differ more than half a 
second from each other at the very first reading. If time there- 
fore permits, and the circumstances of the weather should also be 
favourable for repeating the observation 'with the telescope, it is 
sufficiently obvious to what a wonderful degree 9 ny the 
measure of an ngles ney. in this "ay. be obtained. 
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„ unt " Horizontal Micrascopes. ES. 5 
40. a . two vertical microscopes, applied i in the a man- 
ner that has been described to the measurement of the, fractional 
space in horizontal angles, there is yet another to be mentioned, 
which is placed horizontally on the bar that carries the transit 
telescope, and is directed to the divisions on the semicircle at- 
tached to its axis, for the measurement of angles of elevation or 
depression, as has already been taken notice of. This microscope, 
which is of the same construction with the others, but larger, 
being upwards of nine inches in length, is represented in its full 
dimension in Pl. XI. It has, like the others, a slide made of 

steel, of such thickness as to permit the micrometer screw to be 
formed of it; and it carries a vertical wire placed in the focus of 

the eye-glasses, in which position it is moved parallel to itself 

from left to right, by turning the micrometer head. This slide is 
also attached to a watch spring. which acts in a contrary Airoctian 
to the head, as in other microscopes of this gert. 11] 

Each degree of the semicircle being divided into two rok or 
go', and one revolution of the micrometer head moving the wire 
in the field of the microscope 3; therefore in 10 revolutions it 
changes its place half a degree, or go, which are shewn by a scale 
of 10 notches in the upper part of the field of the microscope, 
and also represented towards the top of the Plate. Each notch. 
corresponds to g minutes or 180 seconds, and the head being di- 
vided into 3 minutes, and each minute into twelve 1 Parts, 
therefore an er is of the: value _ five — W 1% 35 
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eg: Wich N to the semicircle, Which has Do 8 
mentioned i in the course of this desoription, it is yet necessary to 
make some — and particularly to shew how, by its means, 
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the axis of vision of the telescope, when adjusted, is broaght and 

kept truly horizontal, which is effected in the following manner. 
on the opposite sides of the horizontal bar that carries the tele- | 
scope there are fixed four small, but finely polished bell-metal 
planes, two on each side, on the right and leſt of the top of the 
vertical axis, in such a manner as that the surfaces of the two on 
either side are directed to, or in the same plane with, the centre of 
the axis of the telescope. These planes will be best conceived by 
observing attentively the top of the vertical axis in the section to- 
wards the right hand of Plate IX. On the edge of the semicircle 
may likewise be seen a moveable clamp, easily made to slip, with 
the hand only, around its circumference, and it carries with it a 
very fine steel screw. When the semicircle is towards the left 
hand of the telescope, which is its ordinary position, the point of 
the steel screw rests, or may be made to rest, perpendicularly on 


the surface of the plane that is on the left of the vertical axis. But 


when the telescope is inverted in its Ys, or turned upside down, as 
is the case in adjusting the line of collimation, the semicircle being 
then on the right of the telescope, and the clamp necessarily 
brought down, the point of the steel screw accordingly rests per- 
pendicularly on the surface of the plane to the right of the vertical 
axis. Thus it will be readily conceived, that in adjusting the 
telescope by the level for elevations, which is then constantly sus- 
pended on its proper rod, parallel to the axis of vision, the action 
ol the steel screw on the bell- metal plane serves not only ſor the 
adjustment of the telescope in a truly horizontal position, for angles 
of elevation or depression, by the motion of a wire in the ſocus of 
its exe. Blass, in the manner hereafter to be described, but also to 
keep it in that position, by the superior weight of the eye end, 
rendered so on purpose. By the same means the telescope remains 
steadily on any object that it may be directed to er W 
whether above or below the plane of the horizon, ' t= Ant 
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| — are furnished with eye-glasses of different magnifying 
powers for erect and — Six for each erg re as 
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With regard to these eye · glasses, it is only necessary here to 


mention, that those of the least magnifying powers were found 


both in day and night observations to answer the best. 
In the focus of the eye-glass of the lower telescope there are 


only two wires crossing each other in acute angles, which are ver- 


tical, instead of being placed at right angles, horizontally and 
vertically, as was the ancient method. Since the lower telescope 
never moves through more than a few degrees of a vertical arc, 
the wires require little or no adjustment. Nevertheless this was 


provided for, by allowing room for a small circular motion of the 
end- piece, which, when adj usted, is then fastened by its proper 


screws, and never afterwards needs any alteration. 
By referring. to the middle part of Plate XI. two representa- 


tions of the eye end of the upper telescope will be seen, with the 


eye- piece removed. Five wires are shewn in this end, namely, 
two that intersect each other in acute angles, similarly to those 


Cam 1 


in the lower telescope ; and three that lie horizontally or - parallel 
to each other. Four of these, viz. the two chat form the acute 
angles, and the two extreme horizontal wires, are fixed in the 
focus of the eye-glasses to the farther surface of a thin brass Slide, 
supposed to be seen through the outward brass, and therefore 
shaded more dark than the rest. This slide, as will be conceived, 
lies nearest the eye, and is moveable from right to left, and, wice 
vers4, horizontally, for the adjustment of the line of collimation, 
by the insertion of a small mill-head key, on a square pin fitted to 
receive it, and secured by a socket on the right-hand side. The 
fifth or middlemost horizontal wire is attached to the nearest sur- 
| face of a steel slide, that lies contiguously to, but beyond the 
former. It is made of one entire thick piece, like those of the 
microscopes, to permit the micrometer screw to be formed of it; 
and it is represented in the uppermost figure attached to a watch 
spring coiled up in the usual manner. 
By the motion of the micrometer head, the ide and with it 
the wire, moves upwards or downwards in the field of the tele- 


Scope, a Space equal to half the distance of the extreme wires from 
each other. This motion above or below the central point, which 


was made to correspond with the acute intersection of the wires 
placed in the axis of vision of the telescope, i is performed in ten 
revolutions of the head, as denoted by the motion. of the dart, ten 
divisions —— or ee in the narrow * seen at 

6 piece.of 5 eye-end 
of the telescope, it will appear sufficiently obvious, that small 
angles of elevation or depression may be determined with great 
accuracy, when the value of a certain number of revolutions and 
parts (the circumference of the head being divided into 100) have 
been once ascertained by repeated observations of the altitude of 

ny well-defnnd. olyect takes: eee Thus it was 
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| found, by experiment, that 7706 revolutions of the micrometer 
head were equal to an angle of elevation or depression of 10' 59% 
or 659”, on the semicircle, Whence it follows, that one revolu- 
tion raises or depresses the wire above or below the central point 
184818 or a little more than 848 1. And hence a motion of 
one nen the wire nearly 105 
of a Scl. 
Ae neee wer: Grderiadimat the tas: ne 0 
depressions of the erer orations of the series s of e CI with 
regard to each other. 
By observing attentively the four screws nn in the out- 
ward end of the telescope, a dotted groove will be seen under the 
head of each. And in the uppermost figure there appears a flat 
brass ring, soldered to the inside of the tube about half an inch | 
from the outward end, which carries on its surface four studs to 
receive the lower extremities of the four screws.” Thus the grooves 
allow room for a small circular motion to be given to the end- 
piece for the vertical adjustment of the fork of the wires, those 
that are horizontal being by construction at right angles with it. 
This being done, the screws are made very fast in the studs below, 
and thereby the whole machinery of the N is rendered 5 
perfectly firm and secure. 
here remains yet one piece more to be barely mentioned. It 
is the prism eye- tube, represented by dotted lines towards the 
right-hand side of Plate XI. as attached to the eye end of the 
transit telescope, instead of the common eye- piece with two con- 
ver glasses. In leaning over our instrument to observe the pole- 
star, highly elevated in these latitudes, the body is necessarily 
thrown into an inconvenient fatiguing posture, whereby some risk 
is run of deranging the instrument, and consequently of making 
the observations less accurately than when the observer can look 
directly forward, without bending the body so much. For this 
1 | 
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purpose, Mr. Ramsden promiecd to supply the prism tube in 1787; 
but it was not obtained till 1788, by which time Mr. Dalby had 
accustomed himself to nn qe well Rab: *. 80 that it was 
never used. _ pi 

By employing this piece, en is n doubt his Ain ny 
image passes through more glasses before it reaches the eye, than 
when the common eye- piece is used. But for observations of stars 
nearer the zenith than the pole-star is in our latitudes, it would be 
| Indispensably necessary. It would like wise be advantageously used 
in looking at the meridian sun in summer, for which purpose it is 
furnished with dark glasses, placed in a slide moved by rack-work, 
as may be seen from inspection of the plate. They consist of three 
prisms, laid close to each other, so as to form, when thus as- 
sembled, a parallelopiped. Here the green prism stands nearest 
to the eye, a dark one farthest from it, and between the two, one 
of white flint glass, for correction of the refraction which would 

otherwise take place. It will easily be conceived, from the dis- 
position of the prisms, that the darkest medium is here towards 
the left; and that it becomes gradually lighter towards the right 
hand, where a void part in the frame is brought into the field 
when the stars are observed; or when, from the circumstances 


of the weather, it may be unnecessary to screen the eye from the 
Sun's Trays. 


General Management of the Instrument . Observation: 


48. When the instrument is nan on the gm it is covered 
from the weather, under a circular tent; eight feet in diameter. 
Four short piles, hooped and shod with iron, are driven into the 
earth, and their heads levelled, by laying across from one to the 
other a mahogany straight ruler, having a spirit level attached to 
one side of it. The feet of the stand being then placed on piles, 


e cw 
are firmly fastened to them by means of long 8quare-headed screws, 
only one of which may be seen in the view of the instrument, be- 


_ longing to that foot which stands nearest the eye. By ar 
with the four screws fixed in the octagonal mahogany plane, the 
plummet suspended from the centre of the instrument is brought 5 
accurately over the point on the ground that marks the station. 
The screws of the feet, with the side nuts appertaining to them, 
are then slackened, to give sufficient room for the adjustment of 
the instrument, whey by them is brought to be level. 


Adjustment of the Aris Level. 


44. The axis of the upper or transit telescope being mne 
over any one of the feet, and the circle being clamped, hang the 
axis level on the pivots or ansæ of the telescope, and bring the 
bubble to the two indexes; then reverse the level, that is, turn 
it end for end, and note the difference. Bisect this difference, one 
half by the level's proper adjusting screw, and the other half by 
that foot-screw only which is in a line with the axis. This ope- 
ration being repeated until the difference wholly vanishes, the level 
will be truly adjusted; that is to Ys the — will rest n 
the same us: in both AX f 


| Adjuament of the Elevation Level. 


45. This level being pended 0 on the rod attached to the out- 
side of the transit telescope, screw the erect eye- tube on, to make 
that end preponderate. Adjust the bubble to the indexes by the 
steel finger- screw at the tail of the semicircle's clamp. Reverse 
the level, and note the difference. Then bisect that difference, 
and correct one half by the finger screw, and the other half by the 
proper adjusting screw under the level, and so on repeatedly until 
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the difference wholly vanishes. The level may. then. de * on 
the two pins that project from the horiaontal bar which carries the 
telescope, where, being parallel to the axis level, it will chew when 
that is removed (as is commonly the case when terrestrial objects 
only are observed) whether the plane of the instrument suffers any 
alteration. If this should have happened, the level on 2 
tal bar is at all times sufficient to correct it. | 
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46. This may be done by eicher W but best with the axis 
level, which being suspended on its pivots, must be brought paral- 
lel with two of the feet of the instrument; and by the screws of 
these two feet, the bubble is to be brought between its indexes. 
The cirele being then turned round 1807, if the bubble changes its 
place, half the difference is to be corrected: by one of the feet- 
screws, and the other half by two capstan-headed screws, that 
act against each other, under and belonging to one of the Vs or 
supports, in which the pivots rest. When the bubble is found to 
be just in these two positions, turn the circle go, which will neces- 
sarily bring the axis over the third foot of the instrument. Then 
correct any error there may be by that foot screw. In this manner 
the circle will be made to revolve again and again, without any 
alteration whatever of the bubble, which shews that the vertical 
axis is then war nee to the horizon. | 


Tb make the Line of Collimation i in 85 eps at right aul 
e the transverse Arts. 


47. The pivots resting in their Ys, direct the 8 to some 
distant well-deſined object, and let the circle be clamped. Then 
reverse the axis, that in, turn the telescope upside down. If the 


Io] 
intersection of the wires does not coincide with the object in both 
Positions, half the difference must be corrected by the motion of 
tte circle with the Hook s- joint, and the other half by the motion 

| of the brass slide in the eye end of the telescope, by applying the 
milled-head key in the small socket, seen on the right-hand side 
in Plate XI.; and 20 repeatedly until the difference wholly dis- 


To Set the Rod on which the Elevation Level bangs parallt to 5 Line 
50 8 of Collimation. 15 
| $69 „ supposed to be e a 
the level on its rod, and rectify the bubble by the finger screw of 
the clamp. Set the horizontal wire on the steel slide, to intersect 
on the micrometer head. Then observe some distant distinct ob- 


ject covered by the horizontal wire. Take off the level, and turn 


the telescope upside down; and bring the wire upon, or nearly 
upon, the same object: then hang the level on again. Now, if. 
the level be not right, rectify it by the finger screw at the tail of 
the clamp. If the telescope does not now accurately cover the 
same object as in the former position, bisect the difference by the 
finger screw of the clamp, and then rectify - the bubble by the 


capstan-nuts under one end of the rod. Repeat this operation 


until the level is right, when the telescope shews the same objects 
in both positions, and thereby the rod will be brought parallel! in 
altitude to the line of.collimation or axis of vision. 

The adjustments of the microscopes having been already suffi- 0 
ciently explained, in giving the description of the essential parts | 
TT — —— 3 Te 
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| Place to Place. SIS 
49. The inatriiment; whos: PE Faint eee 
_ attempted to give in a general way, without reference to its 
minute parts, by a multitude of different characters, weighed in 
the whole about 2001bs. It is contained in two deal boxes ; one 
of a circular form for the body of the instrument ; and the other 


of an oblong-square figure, for the transit telescope. Within this 
ast box there is one of mahogany, that holds all the smaller parts 


| of the apparatus. The stand, steps, stools, pullies, ropes, tent, and 


canopy for the scaffold, &c. &c. weighed at least as much more. 
The whole attirail was transported from place to place, in a four- 
wheeled spring carriage, drawn by two, and sometimes by four 
horses. The carriage part, originally that of a crane-necked 
phaeton, was presented, with his usual liberality, by Sir Joseph 
Banks; and upon it was built a kind of caravan, covered with 
painted oil-cloth, whereby every thing within was kept dry and 


Description of various Articles of Machinery made ue of in the Tri- 
Zaonometrical PT TY to in Plate = 


Portable Scaffold. 


"+ a i dean e e 
dow Heath, we have shewn that the surface of that remarkable 
plain is not elevated more than fifty or sixty feet above the mean 
red — From this small elevation, and the circumstance 

of its being surrounded, almost on every side, with lofty trees, it 
was from the beginning sufficiently obvious, that, in order to be 


L. 81 
enabled to make the observations of the collateral stations from 
the extremities of the base, it would be absolutely necessary to 


raise the instrument, by some means or other, to a considerable 


height above the ground. For this purpose the portable scaffold, 
whose plan and elevation are represented on the left-hand side of 
Plate XII. was constructed. It consisted, as may be seen, of an 
inward-scaffold for supporting the instrument, and an out ward 
one for the observers, wholly free and independent of each other, 
the platforms of both being framed about thirty-two feet above 
. the lower ends of the scantlings which rest on the ground. These 
being made of squared deal, and the several parts being bolted 
and screwed together with many iron screws secured by nuts, the 
whole. could be readily taken to pieces, carried in a waggon (for 
which it made a complete load), and replaced again in any new 
situation. This scaffold answered very well the purpose for which 
it was intended; for the step-ladders, or stairs leading to the plat- 
form, being attached to the out ward frame, the inward one that 

Carried the instrument remained undisturbed by. the motion of 
those who went up and down, or walked around the top. The 
Silk thread, that suspended the plummet, was secured from the 
effects of the wind by a sort of funnel or trunk, composed of three 
deals (one side being left open), and so contrived as to be easily 
turned round to any quarter of the heavens, whereby the open 
side was always presented to leeward. The instrument was co- 
vered from the weather by a canvas canopy, about seven feet 
square, to which side walls could be hooked, for screening it from 
the wind, as occasion might require. By referring to the eleva- 
tion it will be seen, that the scaffolds, both outward and inward, 
might de divided horizontally into two parts, so as to permit the 
uppermost half alone to be used, when it became unnecessary to 
raise the instrument to à greater height than fifteen or sixteen 
teet above the ground. The whole together was never made use 


oy £© xg2 J 
of, ——— the two extremities of ene ben e ins: 
The uppermost half was applied at three of the Stations, only, 
— St. Ann's Hill, ION Padleswarth near Dover. 
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. ho: to the ————— represents, in, plan and;.Sec+ 
non, a tripod ladder, about thirty-five! feet in height. It, carries 
on its top a globe lamp, of about one foot in diameter, in which 
was used a simple Argand's burner, of a large size, made, for; that 
purpose. The lamp being removed, a socket for acwhite light Fi 

might occasionally be substituted in its place; or (as was the case 

| when we observed the station at King's Arbour from, St. Ann's 

Hill) a flag- staff might be added at the top, which Mas secured in 

a truly vertical position, by braces fixed to the legsi of the ladder 
underneath. It will be readily conceived, that hy à contrivance 

of this sort a white light could be raised to à cbnsiderable height 

above the ground, if the circumstances at anytime had rendered 
such elevation necessary; and that ät could, by, the chelpyofiia 
heavy plummet, be always placed in a truly vertical position over 
che point on the ground marking the station. The globe lamp 
was found to answer very well for short distances, Of. six or eight 
miles, when the weather was favourable ; but it could not be de- 
pended uy in — of distances that were 1 
5 100 4. Orrs 
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32. e ee ladder, comes in the Plats: the plan and 
elevation of a common flag: staff with 3ts brages; carrying likewige 
two reverberatory lamps. These two were attached to the same 


iron bar, at the distance of ahrbo fer rann soch hegt 
2 i 


c- 


el betete und lee "They, were intended bust for er- 


——————— —d 9 fn :any 33 


_ ſthat'mipht hiave arisen, by mistaking other lights for our own, 
one lamp was placed over the other. But when we came after- 


wurds to be hetter acquainted with the appearance of these lamps, 
'thait-precautiori was found to be entirely unnecessary; wherefſore 
single reverberatories) were provided, with» ecula often inches 


diaineter, and they were supplied with: still larger burners, which 


here it is proper to remark, that these lamps must be carefully 
watched, especially in exposed windy situations; for if the cotton 
be drawn out a little too far, they are apt to smoke, whereby the 
front glass becomes obscure, and therefore must be wiped fre- 
quently. They are easily turned on the posts that support them; 
and were; by che help of a telescope laid on ohe side, parallel to 
the axis of the rays (for which a contrivance was provided in the 
tin Work) accurately presented towards the station occupied by 
the instrument at the time from whence they were to be observed. 

There Was constantly one of these lamps, and someti mes two, at 
two different stations. burning each night, when we were making 


observations of the pole- star, or white b. of short e 
| Placed! at other distant stations. 6 
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33. Next after the flag-ataff Han a socket for -iphite lights 


could likewise be placed, when the flag itself was removed) is re- 


presented a small tripod intended for White lights only. The Sh 


same socket that fitted the top of the flag staff, or lamp; post, 


ovuld:be applied to the tripod, by the help-of) reg amall cockets 


82 


could be seen at the distance of twenty or twenty-four miles: But 


* 


11 
soldered for that —— to the —— 


one. Deal rods, of five or six feet in height, or hazels cut from the 


nearest hedge, served as the legs of this stand: The sockets them 


selves were made of copper, because those of iron would have been 
dissolved by the sulphur; and the upper part, which was only an 
inch, or an inch and an half, in height, was square or round, ac- 
cording to the figure of the boxes containing the composition, some - 
times of one kind, and sometimes of the other. These white · light 
tripods, being readily placed, by the help of a plummet, over the 
point marking the station, were found to be very convenient on 
the top of an open hill, or on the leads of a church steeple, as the 
person attending them could rs _— the; ben with * _ 
tre, without the aid of a ladder. in . ST 


Portable Crane. : 


54. On the right-hand side of the nne mp in 8 
and section, and by a larger scale than the others, a portable crane 
for weighing up the instrument to the tops of such towers, church 
Steeples, or other buildings, as became stations in the series of 
triangles. It was constructed in the Tower of London, and an- 
swered very well the purpose for which it was jintended, although 
it might still be improved. Before we were supplied with this 
crane, we made shift, by the help of a lang beam, and a moveable 
trestle by way of fulcrum for it to rest upon, to get the instrument 
up to the top of its own proper scaffold, and one that was still 


higher, erected over the transit-room of the » Royal TOY 
at Greenwich. : $295 


Divtiaction of the Stations. e | 
55. In the coe of the trigonometrical operation, _ — 
r brought, even almost to mathe- 


— 
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exactness, over * precise point marking the station. 
Sener den to the centre, on account of eccentricity, have 
deen avoided; and the stations have been distinguished, as far as 
possible, by permanent marks, in such a manner, that, while these 
remain, the centre of this or any other instrument may be again 
brought into the same vertical line. By these means our recent 
observations may be repeated on any future occasion, and con- 
nected with others, which it is to be hoped will be made hereafter: 
for this operation, the first of its kind in Britain, should only be 
considered as the foundation or commencement of a series of 
others, which hes degrees will * carried to the remotest parts of 
the Island. 

The stations may S Ain into two Sets. First, those | 
which are permanently marked by pipes sunk in the earth; and, 
secondly, those where the instrument was elevated to the top of some 
tower, church steeple, or other building. The plans of the plat- 
forms of this last set are given in Plate XIII. along with such di- 
mensions as are necessary to shew, with regard to the side walls, 
the precise spot over which the centre of the instrument was placed. 
As often as was possible, these situations were further defined, by 
means of concentric circles described on the leads. | 
Ighe stations of the first set, marked with Pipes, are fourteen i in 
number. vix. 
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St. Ann's Hill, about the middle on the east edge. 
Hundred Acres, near the west end of the garden 
Nor wood. - 10 towards the Croydon end of the heights. 
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[847 feet southward from the: yh 
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The stations of the second set, where we instrument was elevated 
on buildings, are nine in number. v. | 


{ MW ha ha Tower. 
Transit- room of Greenwich Royal 8 


Northwest turret of regen _ on Shooter” 8 Hill. 
1 Suingseld Church Steeple. 
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North turret of the RP of Dover Cale. 2 
| Lydd: Steeple... 981 2412 2412914 20 
| Tenterden PREG | S779 | { 
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36. Sine. the SUM of the three pots of a spherical triangle. is 


greater than two right angles, it follows, that the sum of the three 


observed angles © of each of the following triangles ought to exceed | 


| 180˙ 5 The fourth column contains the computed excess, or what 
should have been given by eee and the fifth, the STIFF in 


the observed sum. 


3 had been at first proposed to multiply the observations as wu 


CT - 
2 3 ane Savlieitaity: by vhcorteivelys changing the zero of 
thè instrument to new points, to measure the same angles on dif- 
ferent parts of the circle, so as to subdivide any errors that might 
arise from inaccuraey of division, or shake at the centre. This 
principle, perfectly good in theory, and which was adhered to as 
far a as s the circumstances would permit, was nevertheless found; on 
occasions, to be impossible in practice, without sacrificing 
mbeh te time tlian we could afford, consistently with the en- 
gagements entered into with the French Gentlemen, for the eo- 
operation or the Coast. At particular times, especially in hot 
weather, there was such a tremulous motion or boiling in the air, 
that it was only during a very short space, chiefly i in the mornings: 
and evenings, that the objects were sufficiently distinct to. be ob- 
served with accuracy. So difficult it is to do any thing perfectly 
good i in this way, that a whole day has frequently been 5pent, aſter 
watching with. anxious care, in obtaining a single one that ' was 
perfectly gatisfactory!l At such times as chese it would have been 
absurd to have attem pted to change the zero, which alw ays ren- 
dered it necessary to re. adjust the instrument by its levels: 
In very favourable. circumstances of the weather a good obser-- | 
vation by. day i is preferable to one by the white lights at night; 3 
because, in the first case, the observer has time at his leisure nicely 
to bisect a fine flag-staff, and repeatedly to read off the angle; 
whereas, in the short duration of the burning of the light, he is 
somewhat hurried, from the fear of losing some of the lights at 
other distant vations, if two of them happened to come together, 
which now and then they did, from the irregularity of the rates of 
the Watches of the artillery- niert attending at the different stations. 
It Was, However, by the Assistatice of the white lights only, that 
the most distant stations could be rendered visible; and there 
cannot be a doubt that, in great trigonometrical operations of this 
sort, wer will be universally adopted hereafter. 
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„S dee been entirely lost, or at least that 
| Which had been obtained was not thought a very good one. In 
such cases, a blank has been left in the column of observed angles, 
and also in that expressing the error. But no bad consequence 
haas arisen on that account, there being always such other checks 
from the collateral stations, as to leave nothing doubtſun. 
The quantity by which the sum of the three observed ack of 
Spherical * should have exceeded. 180% was runs as fol 
lows. 


Because tl the excess of the is Sets vi a 


above 180* x earth's radius = its area, therefore == ex- 


ceess above 1807 in seconds, if the area and radius are taken in seconds. 
Now, 60839. 1 fathoms being 1 nearly, supposing the earth to be a 
sphere, we get the log. of the feet in a second 2.006 1748. and twice 
this, or 4.012486 is the log. of the square feet i in a square second. 
Therefore log. area in feet — - 4-0123486 — log. area in seconds ; 
and the log. of the earth's radius in seconds being 3.314451, we 
have log. area in feet 4.012486 — 5. 3144251 = log. area in 
| feet — 9.3267737 = log. excess in seconds: that is to say, from the 
logarithm of the area of the triangle taken as a plane one, in feet, 
Subtract the constant logarithm 9. 3267737» and the remainder i is the 
logarithm of the excess above 180* i in Seconds nearly. His 


Calculation of the Triangles, Plate XIV. 


57- Base on Hounslow Heath measured with gas 1 
rods (17), - = mT . — $7404.01 


By the re-measurement, in 1791, with a steel chain, 7404.32 
| . Mean length Fog! - 274942 


— ——_— 


F . * ST Y 


— 
, ] 


22 Poorhooze 


A 


* * 

-. x ' . 

*£ * * 4 71 7 * 0 
. E + * * 123 - ME 4 - > 
= oy * » ” 

— 
* 
> : 
4 "=" 


2 
| 


ES 


St. dar, Hill from 


g's Arbour 


J 59 3% % [—1-29]- 
1 | The Baez between Hampton Foorhowe and 
. 1 Arbour * | 
Hanger Hill Tower from 1 10 3 1 
[IT jt. Anm's Hill IEEE N 5 
| ampton Poorhouse * 


[179 59 59.6 0.21 


0.61 


* * 


ä 
1 


— 


Henes.. in | the e FERRO by Hampton Poorbouse, 


King's Arbour, Hanger Hill Tower, and St. Aus Hill, making use 
of the two obtuse angles, as contained within their respective 
known sides, we have for the mean distance of the points of the 


acute angles at Hanger Hill Tower and St. Ann's Hill, expressed 
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Thus far the computations 8 131 ks from the base on 


Hounslow Heath (27404-2 feet). We shall now proceed to the 


base of verification on Romney Marsh, by the fewest triangles 
which present themselves; ; but it may be necessary to premise 
what follows respecting the data. 

As that part of the earth's surſace to which the aperitlon is con- 


fined, has been considered as a plane, it is evident that the mode 


of correcting the angles for computation must, in some degree, 


have been arbitrary; and therefore it follows, that in reducing the 
observed angles to those of plane triangles, each an gle may be va- 
ried to certain limits; and consequently the opposite sides may be 


varied to certain limits also; but it is evident, that the means of | 
the extreme TORS; obtained i in this manner, must 5e 1 near 
T's | _ Of ͤĩ Vv½ .4 64 


— 


| distances deduced from a single correction of the same angles. 
N Accordingly, | if we vary the angles (in reducing them to 180 * | 

from Hounslow Heath, to the XIN. triangle, so as to produce the 
greatest and least lengths of the opposite sides, we shall have 


L 1 1 | 
| the truth, , 5 perhaps will be convidered m more accurate than he 


141746 feet, nearly. ſor the mean distance of Hollingborn Hill 
from Fairlight Down; which, however, is only about 15 feet ow 2 


than the distance 1 in the XIII. triangle. 


The computation may be carried on to the bass of verification * 


by means of the three following triangles ; and the xxIII. and | 


XXIV, | | | — _ . — 2 
| Anglesobnerved. , - For computation. 
Hollingborn Hill 48 56 3 z 43 56 31 
Allington Knoll 88 25 43 88 25 42 

Fairlight Do wnunn =- 42 37 47 

Allington Knoll gs 39 224 32 59. 224 3 
Lydd - 223 42 3 3 125 420 

Fairlight Down e MLO0Y 374 : 
,,, c 
Allington Knol! 6567 38 33.4 5 XXIII and 
Lydd 5 e 19 3 18.6 8 


Those Witten with 141746 feet (aolingborn from Fair- 


light), give 41534-4 for the distance of Lydd from Ruckinge ; 


hence, from the xxiII. triangle, the base of verification is found 
to be 285333 feet: Which! is about 28 inches short of the meg- 
surement. 

For the distance of Hollingborn Hill from Fairlight Down, de- 
duced from the measured base on Romney Marsh.—As 2853.3: 
28535.66 (the measured base): : 141746: 141758 feet, the dis- 
tance required : the mean of — and 141746 is 141752 feet. 


— 


in the principal series are de 


L 58 
F 7 mean distance, all the sides of the On triangles 


rived: And it has not been thought 


necessary to alter any of. the angles, as originally corrected for | 
computation, because of the trifling variations which would « con- 
sequently arise in the distances on that account. | 


We should have computed the distances in the vicinity, and to | 
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the eastward of Romney Marsh, from the base of verification | 


only. but there are 


reasons to supp SE 


n as the other on Houndlow K Heath. 


e that it was not measured $0 
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1 gem Dover Caatle from 12 Swingfield = | — — — 305604 | 


The two 5 leak: . give 428562. feet for the diebe of 
Dover Castle from Padles worth. The angle at Dover Castle, be- 


tween Folkstone Turnpike and Padlesworth, was 15* 18“ 44/1 by 
observation; and that at Padlesworth, between Dover Castle 


and Folkstone Tu rnpike;.g 34 2 9 424. "If 


News . 


* b > a 
—_ _— 


XXIII. Gate 1 TT Tia © 
5 : „ 152 15 25.5 52 15 25.15 
ng Town ni eee er] 1 
— — | — — | — Ant N | | 1 
5 _ Dover Castle from Ddr Down — — — | 186119 
8 1— — — | 87 30 29.58] _ 
airli — _— l 1 | 43 19 235 52 


33334 c Ea — 1 WA 4 


— I 1 
: - ; 0 : 7 a 22 — a a 
0 1 — 5 5 = 8 ; 
a « « ws 4 KI. - 4 — 23 
n * — - —_ ww * ; - 
- 5 — — 4 ö - > ow IF — —_— - — v— 2 ® ; 5 a / 4 8 iy 
k # £ fox ' : 
8 : g - A |; . a. LES > e f 
1 , 8 N 4 4 * * 
i 4 A 1 
£ 
7 
« . * — » J : . ä Pe * 1 — 
. * * - 


7 SS: 


j _ 3 | b 16862 
age oe 545700 - 
25 33 55-02 ; 
110 55 29.8333 
. 43 . 


N 


3 Fairlight h —— —— | 252505.6 | 
Blancnez from 4 Dover r Castle - — — — . | 116660 | 


— "dp" © 
* 


. S r 


- 7 » PS 8 . 
4 — — 1 27 


0 
U 


E 7 — 
3 2 
— — — 


5 Dame at Calais from Dover 


12 1 42 
15 3 'Þ 
119 46 1 


— — — 


2 


+ D! St CLERLEFLOLY 1 £35 
Dunkirk 5 85510 


i Tr {Dorer Cane Hom the Tower of n Au 


a 


Calais from Dunkirk 323787 Rt, 0 | 


1139 17 30 


21 28 18 


19 14 12 


1— —— 1 


7 1 
2 +75 31 118 of 18 + 1 1 A ; 
* £ A * 93111 : 4 : 6 age - | 


nn _— 


* 


The acute angles in the XXIII. U triang. revult from the other 
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a, * 2-747 - +, 
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"Ihe Higley in the Aa od XXKV, waste were obtained 


in the following manner: A l Mt f 


SSS A heats 01-3 
1 eee, and the np! at Fadles- WET 


worth, was observe joo 


i ills? of? nc tha e e Mgt 


0 : 


2 Fairlicht Down, the angle between the dd 


| lights at nen ang Blancnez, was ee 17 46 5 
NY oy 3 5 


— - - 4.7 7 F 
52011} » » 


For computation - 


bY! At Fairlight Down Wem the 1 . Lydd 
53 3 11 2 31 


and. white lights at-Blancnez--in1-itm +) die 
For computation 


in the XX1X.. triang. 
1 de abo xd 292 


« r ; Fi 4 n 2%] 
= bo. SPL : 24 . ' - 3G I $3358 
k * 


Angles at Fairight 
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6 "a *% 3 f L\ g% 
- 901 ; 11428 18 


Angle at Fairlight, between Dover and Lydd 


U, 


% 
» * 
* * 1 


0753 067 
2 109 8 25. + 
109 8 * 


* * . 
$4 
* 3 


1 J * 


13 38 2.95 


1 6 6 39-48 | 


7 31 23:53 


m 4 
4 
1 
* 
; 
> 

? 
3 


£497. 


| 1 * * 3 2 7 1 ä We 5 rt 7 87 29 8 | 
1 angie at Farüght, 13 Lydd and Nandam- „ 
bert (% 46 9 e 813) ri —— add, 35 48 —— 
| Angle at Fairlight i in the XXII.. tialgle "a oben got 10 58.55 N 
| Angle at Dover, between Palle worth and Mont: 1774 


— ——ů . — 4.44 


lambert — — oy 4+ 4 3 10g 8 25 N 


Angle at Dover, in the xxxi. wing ub. 21 87 5542 
W at Dover i in the XXIII. . e 99-38 


er l 


© 3 — — 


e — 3 * 


The third angle, or 4 9 3779 9 at i Montlambert, is the 60 ple 
mental one. 5 | 
If from the angle at Fairlight, in this triangle; v we take 174 f es 
we have 25 3g' 55”.02, the angle at Fairlight in the xxx1v. 
triangle: and if to 87 go' 29“. 58 we add 23 25' 0.2 (che ang. 
at Dover in the xxxv. triang. ), it gives 110 55 29% b5, dag angle | 
at Dover: that at Blancnez is the 8upplemental one. 
The angle at Dover, in the xxxvi. Wee GIG Dead? a 
mean of the several observations between the lamp at Blanc- 
nez and white lights fired on the gallery of the church of Notre- 
Dame at Calais, gave 125 46' 33/1. Dr. Blagden ver care 
fully determined the position of the point on the gallery, with 
respect to the axis of the churth spire ; this corresporided to an 
angle of 9g”, which added to 12% 46 39", gives 12 46 42%. 
The other angles of this triangle are reduced from those in a 
plan of the French triangles] communicated'by M. Cassini. And 
the angle at Calais, with the distance of Calais from the Tower of 
Dunkirk in the xxxvu. triang. are taken from the same paper. N 
The angles at Montlambert and Blancnez in the xxxv. triang. 
result from our distances by computation. The French gentle- 


men, however, * w ER found them by observation, ta be 


o " 


£499 


90 68 60 and 1197 4¹0 29 ie common difference is aha 12” 
which agreement, perhaps, is as near as can be expected, when it is 
considered that a variation of six or seven feet, in either of our 
computed distances of Dover n nn and . 
will produee that difference. 1 1 7 3 1. E R 3 00 wud 

The situation of the station — ert, a Aenne * 
the observations made on this side of the Channel, has not how- 
ever, totally depended on those made at Fairlight and Dover: 
another observation at Padlesworth has been used by way of 
check, or verification; this was made in a very favourable state 
of the air, when the angle between the flagstaff at the station on 
Dover Castle, and the mast at Montlambert, was cp 27 1 | 
being 1 more than that found by computation. 
Dover Castle was the only station on our aid to which! the | 
French academicians | made observations. We therefore shall 
close this article with the following comparison. The distances 
on their part, being taken from Expose des Operations faites en 
France en 1787; pour la jonction des Observatories de Paris et 
: Ns ow MM. ee, Wiebe ee 


74 Montlambert „feet 
Dover 4 Blanenez <= = 

f Calais = _Y 
| Montlambert from Blancnez {12 


But ifo our r distances are determined from the base on n Hounslow 
Heath only, the differences will be 14s 7. 7. 6, feet, e 


ee at Greenwich Observatory. 


388. By. means of a Scaffold, perfectly similar in principle to that 
formerly Seacribed, but more slight, as being made for the tem- 
Us 


. —_ As 
height of thirty-eight feet above the floor of the transit- room of 
the Observatory. At this elevation all the surrounding objects 
which we wished to observe (St. Paul's excepted; which is hidden 
by the camera turret of the great room) could be distinctly seen, 
and the angles between them and the south meridian mark atcu- 
rately measured. As that mark is but at a short distance, namely, 
about 1600 feet from the transit, and consequently ꝓsth of an 
inch, corresponding to about a second of an angle on the mark; 

it was therefore very necessary that the centre of the instrument 
should be brought with great precision over the centre of the axis 
of the transit · telescope underneath. In this operation, and indeed 
in every other while at Greenwich, the Astronomer Royal gave 
us his best assistance. In the first place, the central point of the 
axis was determined by the intersection of diagonal lines drawn 
across the square part in the middle. On this square part, when 
the telescope was in its horizontal position, a bason of quicksilver 
was placed, having a small cross made of two thin bits of wood 
fitted to the insĩde of the bason, and lying very\nearit he surface of 
the quicksilver, in such a manner as to make the centre of the 
cross coincide with the intersection on the brass underneath. 
A small perspective glass being then fixed in a moveable board 
under the centre of the instrument, this was made to slide at right 
angles to itself 1 in 1 the direction of the meridian, and that of the 
the axis of vision in 2 1 The board being there 
fastened, and the perspective removed, the intersection of silk 
threads stretched across the board, marked very accurately the 
point corresponding with the centre of the transit, over which the 
centre of our instrument was brought by the help of the plummet. 
The second method was still more direct. Dr: Maskelyne had an 
object glass prepared for his transit telescope, of a focus suited to 


C252 J 
the vertical height of the stand of our instrument above it. This 
glass being applied to the transit, and the aperture contracted by a 
piece of pasteboard with a circular hole in the middle, a very small 
| pin-bole being like wise made in the board at top, the same was 
gradually moved by directions from the observer below, locking 
through the telescope in its vertical position, until the e, pin-bole 
nicely coincided with the axis of vision. The instrument was 
then brought as before, by the help of the plummet, exactly over 
the pin-hole. In this manner, which was that adhered to, no 
doubt remained of more than about ++th part of an inch, with 
respect to the centre of the instrument being in the intersection 
of two vertical planes passing through the axis of vision, and that 
of motion of the transit underneath. Aſter having remained a 
week, the coincidenoe of the pin-hole with the axis of vision 
of the telexcops was tried, and found to have uffered no ala 
ration. ; Weber ie: 
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Bates 4 and Distailces 70 tbe Stations. ha 


59. Let (fig. 2. PI. XV.) G be Greenwich . ; MM 
| its meridian ; - PP, the perpendicular to the meridian ; 8, Severn- 

droog Castle; W, Wrotham Hill. Draw SB parallel to the meri- 
| alen. MM ; ; and SA, WM parallel to PP the perpendicular: 


'"Fidm the gls 5 in the v. triangle to the x. in- 
clusive, (See the pens of the triangles) we get the 


0 5 8 


; angle, P „ „„ S8W . 153 38 56 5 
de angle GSB 16 5 26" (the complement 1-90 6t 
of AGS) + 9 go. - o_ | — ; sub. 106 10 26 ; 


There remains the angle BSW. or "tis bearing of Js. 6 18 ay 
Wrotham Hilt from the parallel 6B, couth-eaatward 40.79. 88 


and its com plement, give. = 


(triang. x.) with BSW = 46 1 


tw) 


The! nds 8 E 14610. gY 
(ol with AGS=/75'49 34 


1 8001! 10 18 31911 74% 587 
AS 1033 deer 


10 8 Arte- Batzen ILY troy ＋ "RT 


iht 728 2 


And the distance SW = 


nd its complement, Set 0 05 | 2911b bs Eon : dr 
Wrotham Him from Greenwich) — — 
/ W and its perpendicular INM Wa 71849 MG = 69803 


the bearing of Nor wood. 


In like manner, by drawing en! through the several sta- 
tions, all the bearings and distances have been obtained. Those 
on the western side of * Aub of ao from 


I 


\ 


The direct bearings. and 8 FO: Greimwioh,: are com- 


Wen with the distances from the meridian and its perpendicular. 


e MW == 71849, and MG 598053. with the right angle at 


M, give 30 27 48", for the bearing and 98163 e distande 
of Wrotham Hill. 
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| (Expoakdes mon &c. en 2 755 p. 66. „ — dem 500058 
its di stare from that of Greenwich, there remains 537978 feet, the 
di istance of the meridians of Faris and Greenwich on the parallel (to 
ing- through; Dunkirk, being; only five, leet 
when the inclination of the meridian of Paris to 
that. parallel is bro ght; neg the e s Ws. (he 
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600. LetC Gi I. Pl. XV. ) be the centre, CP, CE ka 700 
equatorial semi-anes; PF. PE two given meridians; B, O two 


Point 06 the meridians having given latitudes. _Drow. the he verti- 


£4367 


nnn. Oflycv-perp@ſHctibica to the meridians, to meet the axis 
in Rand 8; from which points draw RH, SK parallel to SO, RB 
respectively. Let C be the centre of a sphere on which the points 
b, o, have the same latitudes and difference of longitude as the 
points B, O, on the spheroid : draw the radii Cb, Co, and arc bo. 
Then because Ch is parallel to RB and SK, and Co is parallel to 
SO and RH, the planes Cbo, RBH, SKO are parallel to each other ; 
and therefore each of the angles BRH, KSO is equal to the angle 
Co, or arc bo on the sphere. And since the planes SKO, RBH, 
Cho, are equally-inclined to the meridians, the angle KOP on the 
spheroid will be equal to bop on the sphere ; and the angle HBP 
equal to obp (supposing those angles to denote the true inclinations 
of the planes). Hence, the horizontal angle OBP on the spheroid, 
will exceed obp on the sphere, by the angle OBH : and for the like 
reason, the angle BOP on the spheroid will be less than bop on the 
sphere by the angle BOK. And because the planes BRH, KSO are 
parallel to each other, a third plane (BRO) intersecting them, will 
| make the alternate angles equal to each other; therefore the ex- 
| cess on one side, is equal to the defect on the other, or the angle 
OB equal to BOK; and consequently the sum of the angles PBO, 
 POBon the spheroĩd, equal to the sum of the angles pbo, pob on the 

sphere, supposing those een to een the inclinations of "the 
planes 


From B and O draw the tangents BG, BD, o to the arcs BH, 


© BO, OK, meeting RH, SO, SK produced; draw GD, which will be 


in the plane of the horizon of the point B, and also in that of the 
meridian EP. In like manner, a line from Q meeting a tangent to 
the arc OB drawn from O, would be in the planes of the horizon of 
the point O, and the meridian FP; but this line, with some others, 
are omitted in the figure to prevent confusion. 


Since i in the present position of the planes, the horizontal angle 


HBP, or GBP is equal to the angle obp ; and K OP or QOP is equal 


104.166; J 


to bop, if, we conceive, the planes GBR. QOS to; revolve. equably 
about the verticals BR, QS, it is evident, that in every contemporary 
position, the sum of the horizontal angles at B and O will be the 
same, and therefore there are an indefinite number of points in the 
verticals SD, RB (supposing the latter to be produced upwards) 
through which the planes may be drawn-to; make the sum of the 
horizontal angles on the spheroid accurately, the same as the sum 
of the spherical an gles at b and o. Conceive the plane GBR to move 
round the vertical RB, till it cuts the vertical SD in D, then the 
horizontal angle (OBP) on the spheroid will exceed obp on the 
sphere by the angle GBD included between the tangents BG, BD. 
Now, suppose it to cut the vertical in O at the surface; through O 
draw RI to meet the plane of the horizon of the point B in I, then 
the difference of. the horizontal angles in that case, will be the 
angle GBI (supposing BI to be joined), being greater than the ho-— 
rizontal angle GBD by the angle DBI. Hence, if we suppose an 
instrument at B which measures angles in the plane of the horizon, 
and BD. its telescope which may be moved in a vertical plane, it is 
evident that the horizontal angle PBD is diminished as the point 
(D) in the vertical (OD) to which the observation is made; is 
elevated: and for the like reason, the horizontal angle (POB) will 
be augmented when the instrument is at O on the other meridian. 
This supposes the latitude of the place O to be greater than that 
of B; for when the latitudes are the same, the planes of the ver- 
ticals will coincide, and the. horizontal angles will become nn 
and the same as on a sphere. 0 Hesiaoti 311. ibi a7; 
61. To find a point in the vertical RB deal i. nessy) 
; through which the vertical plane at O must pass, to make the dif- 
ference of the horizontal angles at the point O, the same as a given 
difference in the horizontal angles at B. Let the angle GBD be the 
given difference at B; then if an equal angle be made at O in the 
; plane of that horizon, 2 being one. of. the WITS sides, the 
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other dn willmeetthe plane of the meridian KP (opti to the 
horizon of G) in some point, from which if a line be drawn to 8, it 
Will cut the y vertical RB in the point required: this will be evident 
by conceiving | lines to be drawn i in the plane of the meridian BP 
similar to those i in the plane of the other meridian. From hence it 

will: appear, that if the horizontal angles (OBP, BOP) on the sphe- 

roid, are taken in the planes of the respective horizons, or the tan- 

gents are in horizontal j positions, and directed to the verticals, their 
sum (OBP+BOP)will1 belessthan the Sum (% boy) on the sphere. 
If the angles are taken to the verticals at the points O, B, on the 
surfaces, their sum will be greater: but if OD be bisected, and also 
the like part of the other vertical between B and the plane of the 
horizon of the point O, and the horizontal angles are taken to those 
points of bisection, their s sum will be equal to thes sum of obp and 
| bop. In the two former cases, however, it will be difficult to deter- 
mine the difference by computation, because of the minute angles 
subtended by Dl, and the similar line in the plane of the other 
horizon, except the spheroid be very oblate. 

62. From what has been said, it follows, that if the latitudes * 
two points B, O, and the horizontal angles PBO, POB are given on 
a spheroid, the third angle BPO cannot be found by spherical com- 

putation in the usual manner. But because their sum (PBO + POB) 

may be considered as equal to the sum (pbo ＋ bob) on a sphere, the 

corresponding spherical angles may be found as follows: 

Having two sides, and the sum of the opposite angles o od a a spherical 

en to find those angles 1 5 * 

4s tbe tangent of half the sum of the 0 

I, to the tangent of half their difference: 
Soͤo is the tangent of half the um of the I : 

\ To the tangent f baff their difference. 

Or zaun Let s,and c represent the sine and cosine of the sum | of the 


angles; m the Sine of the wer side, 1 that of the less: then ; 
RX 2 
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- = 5 - will be the eine of the less angle. The negative gn | 


| taking place when the sum of the angles i is above 900 
Iuhe angles (HBP, KOP) for computation being thus found, the 
angle at P, or the difference of longitude will from thence be deter- 
mined ; and consequently the value of the arc BO on the spheroid. 
6 3. Method of computing the horizontal angles. Let the figure 
bean ellipsoid whose semi-axes CE, CP are 3496740, and 34772 10 
fathoms: and suppose the latitudes of the places B, O, are 497 40, 
and 30 respectively; and their difference of longitude go'. 
; The two co-latitudes and the included angle 30 will give the 
spherical angles Pbo, pob, 43 51 48”. gand 1 35 45 160. a respective. 
ly; and the arc bo, or angle bCo = 2749". 7- Now because the ver- 
ticals BR, OS are respectively parallel to the radii bC, oC; and the 
tangents BG, 0 parallel to the tangents of the arc bo at b and o, 
therefore the planes of the horizons of B and O will intersect the 
verticals RB, SO (produced), and their parallels RG, 82. in the 
same angles as the planes of the horizons of b and o on the sphere 
would cut the radii Ch, Co produced: these angles may be deter- 
mined with the co-tangents, and co-secants of the latitudes, and the 
secant of the arc bo to any radius. And hence we get the angle 
DGB = = 44* 14' 40% 3 and the angle DGR = 89? 404“; GD being 
the intersection of the plane of the horizon of B and the plane of 
the meridian EP. And the angles at Q in the plane of the other 


meridian, will be 4g* 5 r 440 7. and 89 39 56". 55 
Let a denote the ine of an arc whose tang. is SF X. co-tang. 49 


40 (the lat. of B), then - WEL . =g508112 fath. the vertical 


BR. In like manner, the vertical OS — — 3508225 fath. Hence, 
from the nature of the ellipse, we get RS the distance of the verti- 
cals in the axis = 148 fath. Draw RW parallel to GD, then we 
have the angle SWR go 19/ 56” the supplement of DGR; and 


the angle WSR being 30 (the co-lat. of the point O), we get RW. 


[199]. 


or GD=95.13 fath. In the same manner, if RL be drawn hs 
rallel to the intersection of the planes of the other meridian and 
horizon, its length will be 95.79 fath. Now the angles BRG, OSQ 
being each 27 49“ (the angle bCo), the tangents BG, O to the 
radii-BR, OS, will be BG ='28398.5, and OQ = 28g99.5. Hence 


BG, and GD with 44* 14/ 40".3, the included angle at G, will give 


the angle GBD =8' g'2, the difference of the horizontal angles on 
the sphere and spheroid at B. And the angle at O (with OQ and 
ERL, and 43 51 447 the included angle at Q), will be found the 


same, or 8 34. Therefore the horizontal angles on thespheroid will 
43 51' 48”".g + 83; and POB = 135 45' 16"%2 — 
_ 8'g”+. Those angles are computed on a supposition that the tan- 


be PBO= 4g 


gents BG, OQ are horizontal ; but no sensible variation would 


arise if they were directed to the verticals at the surfaces O and B, 


for the vertical SO, and the distance SR with the included angle at 
S = 40, will give the angle SOR (DOI) not more than 5 or 6“; 


and therefore, was the point D a mile above the surface, the length | 
of DI which subtends the variation in the Horizontal abg's at B, 


would be less than 3 inches. | 
64. The application is only the reverse of what i is given above. 
For suppose the latitudes of two places B, O on a spheroid are 49 40 
and 30“, and the observed horizontal angles OBP, POB to be 43 
59 51.55 and 135 37 12% 95; to find the difference of 1 
The sum of the observed angles being 179 37 4.5, we get (62.) 


3 45° 56 45 for half the difference of the spherical angles; therefore 


KOP = 195* 45 17 T, and HBP = = 43* 51 47+ are the angles for 


computation : hence the angle OPB, or difference of longitude = - 


3o', and the opposite side BO = = 227 49". FE 


65. If we determine the side OP, with the obseryed angle OBP, 
and. the two including sides, it will be found = = 40* o' 5% 6, which 
— exceeds the truth by z”.6 ; but it will fall short when that angle 
is greater than BOP: this excess (or defect) is the arc HO which 
subtends the difference in the horizontal angles on the sphere and 
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spheroid, which are, in the present case, is 3% 6 (the difference in 
the horizontal angles being 8“ 4%.) Therefore as the angles at 
B and O approach to equality, —— with the ob. 
served angles become nearer the truth: and hence it follows, that 
when the observed angle OBP is a right one, and the are BO is not 
of great extent, the spherical computations will give the latitude 
and longitude of the point O without sensible error. 
660. But when the latitude of che place (B) is given, eee 
with the observed angle (OB P) between the meridian (BP) and 4 
given are (BO), proceed thus for the latitude of the place O, and 
the difference of longitude. Suppose PS (fig. 3. PL XV.) to be 
the obberved angle, SP the co-latitude, and SD the given arc on 
2 zpheroid. With the two sides and included angle as a spherical 
triangle, compute the angle PDS, which will always be nearly the 
same as would be found by observation; then make the angle 
SDA (Which will fall on the lower side of SD, if PD is greater 
than PS), equal to half the difference of the angles PSD, PDS: 
now, if we consider the triangle SDA as a plane one,; the angles 
PAD, PDA will be equal, and SA will be the difference of lati- 
tude of the points 8, D, which being found with the given length 
i 0 of SD (allowing for the curvature of the sides), we have the 
latitude of the point D: then with the three given sides of the tri- 
angle PDS, find the angle SPD by den ee een which 
will bene difference of en FF 


- 


 Dixtance of the Parallels of Linde of Fes 8 52 


5657 Suppose (fig. 3. Pl. RV. S, PD to be tlie meridians of 
Greenwich and Dunkirk; G Greenwich C Observatory; Dthe Tower 
of Dunkirk; GE the perpendicular t to the meridian at Greenwich; 
RD, RG the distances of Dunkirk from the meridian of Greenwich, 
and its perpendicular, or 547058, and 152556 feet (39); DS the 


vertical or great circle paving thes | zh D., and inaking the angle 
at t 5's right one. beate tMrOS LO OH} e Hoge = 


t 261 


The perperidicular DS to the meridian at 8. will fall below R 
FEM 52 feet.” It is found thus: assume DR, or DS = 1% 29 25”, 
which will! be its value nearly (for great accuracy is not neces- 


sary in this cage): then, as cosin. DS 05 1 ur ge nr 
2 12608 feet. or 25435 fath. G8. e 

Now in the right angled triangle P PSD; it follows (65 Y that the 
side PD, computedspherically with the other two sides, will always 
fall short of the truth by a quantity determinable from the nature 
of the spheroid ; which in the present case (supposing the earth an 


ellipsoid;and the degrees on the meridian, and perpendicular at 8, 
to be 6086 , and 61184 fath.) will be 0“. 3 nearly: therefore, if the 
latitude of the point D be given, and that of S is to be computed 
from DP and the other data, it will be necessary to diminish DP 
by that quantity (0g). According to the latest observations, 
the latitude of the Tower of Dunkirk is 51* 2' 117. 4 (Conn. des Tems, 
1797-98, p. 372), therefore PD = 38 57 48%¾.6, from which take 
0. g, and we have 38 57 48˙%¼.3 2 for computation. On ao. 
1 29 25 (SD): rad. : cosin. g8* 5% 48".g : cosin. g8% 56 22“ = 
SP; consequently, GS =g8* 56 22%—g89 31 20 =2F5 2”. And 
if DA be the parallel of latitude of Dunkirk, DP—SP = 38 57 
_ 48".6—g8* 56 22" = 1' 26".6. Now, GS: being 25435 fath. (an- 
swering to an arc of 25 2“) we have 25' 2”: 254g5:: 1 26.6. 
14664 fath.= SA, which added to SG gives 269014 fath. the 
length of the arc of latitude between Greenwich and Dunkirk. In 
pag. 69, Expos? des Operations, &c. en 1787”, we have 125505-92 
toises . = 193757-9 fath. the distance of the parallels of lat. of 
Paris and Dunkirk ; the sum of this, and 269014, is 160659 fath. 
the distance of the parallels of latitude of Paris and Greenwich. 
e if the latitude of the enen een 450 50” 14s the 


. The length cf * Frerch toise, is to that of the Fong e fathom, a5 4263 to 
4000. Philts. Trans. Vel. LVIH. p. 326. | 


Ti 


difference of latitude between Paris and Greettivich: will be 2* 38 
26, hence 2* 38' 26“: 160659 : : 1: 6084g fath. the length of the 


degree on the meridian in latitude 30 10 (the middle latitude 


nearly, between Paris and Greenwich), which differs but little 
from M. Bouguer's hypothesis (Philos. Trans. 1787); and exceeds 
M. Lalande's on the ellipsoid about 7 fathoms (Astron. Art. 2711.) 
But if the lat. of Paris be 48* 5o' 15” 8 des _ 1797-98, 
p 37.) we get the degree = 60849 fath. 
There is, however, an inconsistency in the foregoing eels not 
easily accounted for without supposing the latitude of Greenwich, 
or that of Dunkirk, or Paris, to be erroneous. The distance of the 
parallels of latitude of Greenwich and Dunkirk is 2690 14 fath. 
answering to 36“ 28“. 6, the difference of latitude; whence we get 
60962 fath. for the degree in lat. 51 13% (the middle lat. between 
Greenwich and Dunkirk, nearly). And the length of the meri- 
dional are between Paris and Dunkirk is, 133738 fath. correspond- 
ing to the difference of lat. 2* 11' 56”.4, these give but 60827 fath. 


for the degree in la 49 37; the difference is 135 fath. which is 


about 100 fath. greater than the increase from lat. 49 57 to 51 
15 on any of the spheroids hitherto assumed for the figure of the 
earth. Some small errors may have arisen from our method of re- 


ducing the observed angles to those for computation; but the final 


results could only be varied a few feet on that account. But even 
supposing an error of 4 fath. or 24 feet, on our part, in the distance 
of Dunkirk from the nen, it will not amount to e of 
latitude. , | 
Nor is the length of the Wass arc material) affected by any 
probable value of the perpendicular DS; or a small variation in 
the latitude of Dunkirk. For SUPPOSE its latitude to be 5129“. 
(as determined by M. La Caille), and the arc DS = 1* 29“ g5”: 
then proceeding as above, we get SA = 1470-7 fath. which exceeds 
the former length about 45 fa fath. But the degree ir in latitude 51' 
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134 is 6o8ge fath:. Aud! taking the lat. of Paris 48* 50' 1 m that 
in 49% 57 will be 6084 therefore in this dase, the nene in 
1 degrees is but 49 fath. instead of 135. 5 PL. 
But the difference in the two values of e a arc ge — 5 Gs 
a be the same (very nearly), as the difference in the 
* latitudes of the point D:; for let DP be g8˙ 37 48”. and 3857 
19 300 4 and the arc SD = 1* 29 25” as before; then PS = g8* 56" 
250 and 88 56˙ 24“. 1, the difference being 2“. 1 (the same as that 
in the latitudes of D); and the two values of the arc s are 25 
2“ and 25' 4% 1; therefore the length of the arc GS being 25435 
fath. we have 6096 3, and 0 fath. for the meridional eres in 
lat 51® = -- 
From hence it appears, that if the latitudes of Parks, Dunkirk, 
Jars Greenwich, are 48% 50. 1, 51*. 2 1 «4s and 51 280 40 re- 
Spectively, the difference in the meridional degrees in latitudes 49? 
37 and 51. 16 is about 135 fath..; 3 which will | not accord with any 
of the received hypotheses. 1 
The latitude of the tower of Dunkirk was deduced by M. 
mbre from that of the place where he made his observations. 
He took the altitudes of the pole-star with the circle of repetition * 
(about 1, foot i in diameter), and determined his latitude from goo 
observations, differing, as we are told, somewhat less than 1 of a 
degree. This instrument is now in general use with the F ch 
astronomers. But though their method of determining the meri- 
dional altitude of a star is Extremely ingenious, yet those cele- 
brated mathematicians may rely too much on the i instrument itself, 
in an operation which requires the greatest nicety. For it is the 
opinion of the first Artist in England, who has examined its con- 
struction, as far as it can be done from thedescription and engraving, 
that it is — a matter of change, if the plane of the circle be 
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vertical en it is adjusted for charvinltod.; and therefore, if 
the same mode of adjustment is constantly adhered to, the re- 


*. 


: zults may be consistent, but finally erroheous./ The same in- 
genious artist, however, intends to publish his remarks on the 
construction of this instrument, with the description of another 


of his own invention for the « same en "but less liable to 
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Directions of the Midi at 1 c and Ballo Hill. And 
Length of a Degree perpendicular to the Meridian.” 


+” 


68. A small table had been proviewly computed of the tines 


when the pole- star was at its greatest apparent elongations from 
the meridian. On these occasions the Board of Longitude s pre- 
mium watcb, by the late Mr. Harrison, was made use of. Its rate 


of going all the time that it was in the field in 1787,” was very uni- | 


formly ga seconds a day faster than mean time. But in the winter 


months the watch gradually changed its rate from plus to minus; 
and when it was carried into the field in 1788, and, during the 
five weeks that it continued there, it regularly lost on mean time 
from 3 to 4 seconds each day; having i in that short interim been 
twice compared in Argyll- street, with an excellent clock md by 


_ Cumming, with an improved Ellicott's pendulum. 


. 


5 


Let B (fig. 4. Pl. XV.) be Botley Hill ; PBR its nen, 0 


Greenwich Observatory (whichis nearly on the meridian of Botley 


Hill); 8 Goudhurst; W Wrotham Hill; T Tenterden; GR an 


arc of a great circle, making the angle at R @ nicht onE;' also let. 


* represent the circle of the pole-star's apparent declination ; ; 
and B, G* be two azimuth circles touching that circle. 

Aug. 14, 1788, at Goudhurst, the angle * GT; or that between 
the pole-star — at its resten apparent distance from the 


+ 
o e r 


* | 952 9 


TY, 


| | | 
by 
- * | x | | | 


5 2 „„ 5 
meridian.on- See and the lamp. at nere eig | 
| den was observed. TT OT 1 104 0 . : 


The angle BGT ein the vgs at nn n un 


and Tenterden een n ty 48 FI 


| Angle + GB. | jo 68 es Pt, IE he diff. 6 11 364 


* Aug. 23, 1788, at Botley Hill, the angle + BW, or 
| %that between the pole-star at its greatest apparent 
elongation, and the lamp at Wrotham Hill, v was ob- wv i 
Served tf i om Dh 329) == 3 nl — 15, 76 21 97 . 
The angle WBG by W obgervations was a 4 * 


POETS Tk 


| Angle + BG, ORE ets . ants sum 116 26 19 


* 0 obtain the tar” 8 azimuths at B and G it will not be necessary 
to have the latitudes very correct. We therefore may take the 
values of the meridional arcs from M. Bouguer s hypothesis, which 
agrees nearly with the measurement in these latitudes. And as 
Botley Hill is but 172 feet from thè meridian of Greenwich, OB 
will be 72881 feet ( 89.) the distance from the ple gram. with- 
out sensible error. 
The latitude of the middle point between B and 0 (Botley Hill 
and See is about 51* 230% : the nes in this latitude i is 


| nce” ; WAS. found to be only 1 * 


2 : a the 70 14. > 
ng Be to 8 * WN en direc- 


1 


1 | * 


3 e : 5 
e 6 | 85 U 166 = * g 
oe. 66844 fath: (Bouguer, Ng: de la Terre, p. geg or Phe ans. , 
Du 4787); hence the are OB = 72881 feet, will be 11” 59”, which a 


, - ita to OP, the co-lat. of Greenwich; gives 98 ˙ 43 19“ = BP: 
now in the right angled spherical triangle PB we have PB = 
385 43“ 19”, and P * = 149 22.8, the star's apparent polar dis- 
'* tance nearly on Aug. 2g ; hence the ahgle PB *, or azimuth, = = 
| 2 84 34.1, which added tothe 88 * 5 e 1 210 28%, 
the angle PBG. PONY” een 1614 
In the right e tiabigle: BRG; nee 50 == are "On feet 
(ils x1v.) and the angle. RBG = 60? g8' 47” the supplement 
of PBG, whence RG = 1061 74. and RB = 59715 feet: the value 
Hh of the latter on the meridian will be g' 48“. 7 nearly; and that of .. 
. „„ (from a few trials) is about 17 26”; Hence g8* 4g' 19” +'gf © 
DS 48". 7 = 38% 59 7-7 = RP, which, with 17 20” (RG), and the v0 
included right angle, will give GP = =-g80 59 11%. The star s ap- 
parent distance from the pole on Aug. 14 was go 49' 25”.3 nearly. * 
. hence the star's azimuth, or angle PG* =2%54/ '20”, 7 which taken 
| from the angle BG x, there remains 60% 17 15,8 = = BGP.. .. 4 
TOTO 8 "I evident that a considerable variation in the value of this arc 
S . RG produces but a small one in that of the latitude of the point G. 
= et, + TL the present case, principally depends on the value of the | 
Naar RB, or of RO; we therefore. will suppose GP = g8* 5g“ . 
5 as found by the computation above. I hen in the spheroidical tri- 
* . . angle BEG we have the sides PB, PG, with the angles at B, G; 


3 4. MR bene (68. ) we get 6⁰⁰ 7. g8” and 119? go 5o” 9, the angles for 


4 
, - 


3 RY ol W dataridh.at. t G.and 18 difference of the horizontal angles 

. * hy, "Fo. af =) < . ; | 

r 25, o th 85 Ads d"spheroie Ain; 98 2 9: 377 a boca 2 
. e their opp nin 


es 


„ will be found. 27 86 74 a 4 8 VBC 
2 | "= 5 0 r 
— 2 In 1786, the ausn RIG Fg ac te 
pole-star, Whence hg, ar -distance n 85 5 2 
87.35. Tho n mean 6 arg prtejn in declina 
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+: 61155 fath. the cher 


» 
AS 19 ard 15218434 feet (BG) :: 
a degree on the spheroid in the als BG, and in lat. 5111 b& 


the lat. of the-middle-point between-B and G. And as rad. dein. 
PG : : sin. RPG: sin. 17 20%. 6 = RG the perpendicular arc = 


106174 feet; whence the e in bn latitude of the TOW R= 
61251 fath. nearly.” 4 


In the foregoing « computations the halus of the meridional arcs 
are nearly the zame as the values, which may be inferred from the 


measured arc between Greenwich and Paris, supposing the latitude | 


of the latter to be 48 500 1 PL Small errors, however, i in the values 


of the arcs OB, BR, are of little consequence, because that of the 


oblique arc BG, and aleo of the perpendicular one RG princi ipally 
depend on the horizontal angles at B and G, for a small variation 
in either angle will make a considerable one in the degrees de- 
rived from those arcs when, as in the present instance, they are 


small. For that reason, in the following table, we have adopted 


the perpendicular degree, as determined by the operation in 1798. 


on a distance of 64 — which therefore i is denen much more 


correct than . above. 


„ 
# Ps 5 
* 7 8 


M5 * 2 2 
* 3 


x 


© 


+ 


Ws + 


1 


thereſore PS = g8* 56 


pendicular degree in ths oy f S is = 61185 fath. ; consequently 
the are SD 1 29 24“ 6 nearly; or 1* 29' 24% J, allowing for the 
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This table i is com —_—_ on an elli 10 Fe he — 60848 fath. 


the meridional degree in lat. 50 10' (67.), and. ye in the 
ere 2 in lat. 500 1 . 
3 
Of the Longitudes of Dunkirk and Paris from Greenwich. 


69. Let (fig. 3. PL XV. ) PS, PD be the meridtans of Greenwich 
and Dunkirk; G Greenwich Observatory, D the Tower of Dunkirk; 


and DS the perpendicular to the meridian at 8, as in Art. 67. 


Then GS — == 25435 fath. and SD =g1 176 fath. _ 
From the table in the eee e the arc GS 2 4 is 
: then from the same table, the per- 


variation in the curvature. Now those sides, with the included right” 


* 


* * 
— 3 * 


„„ | * 


7 
angle at S. give a 22 157, the angle at P, nnn 

tude; and. g8˙ 5 50”.7 = DP, or 512 9.9, the computed lati- 

tude of Dunkirk. This latitude is in excess (65.), the correction, 
however, may be found as directed in Art. 66. ; but the more exact 
method is to determine what would subtend the difference in the 50 
horizontal angles on the sphere and spheroid at the points S and D . 
(6g.), which will be about $4 feet, answering to o“. g e | ; 
this taken from 51* 2' 9.3 leaves 51*2' g”, the latitude of D. 

| The longitude of the Tower of Dunkirk being en 
Paris (Mem. de I Acad. 1788), we have 2* 19 51”, or 9194 the : 
difference of meridians of Greenwich and Paris. 

Was the earth an ellipsoid, whose axes are as 230 to 229, the 
- longitude of Paris, from the above measurements, would be g 20* 
nearly (Philos. Trans. 1791): but M. Lalande, in a Memoir on 
the difference of meridians of Greenwich and Paris (Conn. des 

Tems, 1797-98) objects to this, and contends that the longitude i is 

ꝙ 21*. First, because it agrees nearly with a supposition made by 

the late Gen. Roy (Philos. Trans. 1787, p. 194). Secondly, be- 

cause among 61-ongitudes, deduced from the eclipses of Jupitaſfs 
 frst satellite, some are found to differ but a few seconds from g 21“. 
Thirdly, M. Legendre finds 5 21* by computation o on a — | 
(Maw: de F Acad. 1788). 

_ "Gen. Roy's words ate, © ths once of ngitids besen the 
« two Observatories, as far as can be judged from the map of 
Kent, corrected for the error in the direction of its meridian, 

amounts to about 2 20 20“: this authority is evidently too 


_ vague to merit attention. And with respect to the results from 
Jupiter's satellite (Philos. Trans. 1787), they vary from g to 10”, 


and therefore afford nothing conclusive. . M. Lalande, however, 
should have stated the deductions & MM. Sejour and Mechain, 


from the solar eclipse in 1769; and the occultations in 1786, where 


a. | 


„„ 
the limits are 9. 185, and g 20 r. Mackelyne's Paper, 
Philos. Trans. 1787); and he might have added that of Proſessor 


 Piazzi, who found g 19'3 from the —— in lane, 1788, 
(Philos. Trans. 178g.) 


Taking the longitude of Paris «* ae EE 1 


gendre, the angle SPD is 2 22' 7, whence the arc SD = 
129 40”, which gives 61014 fath. for the perpendicular degree in 
lat. 51* , agreeing nearly with M. Lalande, who has given a 
table of the degrees of latitude and longitude on a spheroid whose 
axes are as 300 to 299; Astron. edit. g, Art. 2711. Therefore the 
length of the perpendicular degree, according to those gentle- 
men's hypothesis, is about 170 fath. Shorter than that deduced 
from our measurement. 
M. Lalande says, it is ae "3, not an 
« homogeneous spheroid :” this perhaps will not be disputed ; but 
it is also as well known, that the experiments with pendulums, like 
the different measurements, have not been consistent, nor accurate 
| enough, to afford Satisfactory conclugons respecting the ratio of 
the earth's axes, notwithstanding the computations have lately 
been made by the first mathematicians, on a zupposition that the 
earth is an heterogeneous ellipsoid. But if the earth be not homo- 
- geneous, it may, or it may not be an ellipsoid. . The different 
measurements, however, gem to prove that it cannot be an ellip- 


. Soid of any kind. 


Nor · do we infer from the table (68.) that the earth is an ellip- 
s0id, but some figure upon which the lengths of the degrees on the 
' meridian, and at right angles to it in lat. 50 40, are 60853 and 
61182 fath. nearly : this granted, the values of the other degrees 
ee Ma 22 of 
the trutn. 

— — nd 


= - 


"WET | 
| $715" endeg 987, exceed the meamrements ® by gs and 118 fab 
respectively. At the polar circle, however, his hypothesis falls 
207 fath. short. But in his memoir we find an article respecting 
that celebrated operation, in substance as follows : < They write 
< me from Sweden, that M. Mallet, professor of mathematics at 
Upsal, having been at Pello in 176g, to observe the transit of- 
« Venus, examined the stations which had served for the mea 
surement of a degree, and found that country fall of high moun- 

< tains, the attraction of which might influence the direction of 
_ « gravity, and consequently affect the length of the degree. His 
EE ee a Wa ah. 
the first volume of the Physical — 4 of ETON pub- 
0. lished at Upsal in 1772. 
We may add. — the triangles have not the 
« precision which we might have hoped for; there is 29”.4, of 
« difference upon the three angles of the first triangle ; (Mauper- 
* tuis, Fig. de la Terre, p. 88.): those angles are altered in the ap- 
ho plication differently from what is warranted by the observations. 

a .« CTK, p. 80, — 24 22' 58" 8 and p. go, 24 22 54.3 

HAC, p. 82, — 112 21 48.6 112 21 329. 

- KHN, p. 81 and 82, 143 6 19 - 143 6 3.2 
It has also been conjectured, that the degree in Peru is consi- 
derably too long, in consequence of the lateral attraction of the 
high lands where the measurement was performed (Philos. Trans. 
1768). But the results at the polar circle and equator are of very 
little consequence in settling the point in question ; because the 
distance between the meridians of Greenwich and Paris, and also 
the perpendicular degree, having been measured in neariy the 

* The former by Mess. Mason and Dixon in America, and the latter by Mr. Bur- 


ao in Bengal. See a short account of _—— © 
Benner, Strand, London. 


\ 


Z 


C 17 7285 
zame latitude, the longit ude cannot be said to depend on any hy- 


pothesis; for a considerable variation in. the length of the me- 
 ridional degree will but little affect that of the perpendicular one. 
And therefore the difference of meridians obtained from the mea- 
surement is a proof that the deductions of Mess. Sejour, Mechain, 
and Piazzi are true to a second in time; and that 9˙ 21¹ N 
from an Dif pothegy, is is more $99 1 1 a kr too „ 
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| 76. Table containing i the Latitude of the + Stations; and their La. 


a, from Greenwich. ; 
= 1 : 3 ine 131 5 
Lat. ; Long. 4 In time. 
| „ 1 « u ron” 
:Grecnwich Ob. W 
-Norwood t BG es 
Hundred "any ar... =». +5:.20 19$10;111 
Hanger Hill Tower - | 51 31 295 
Hampton Poorhouse =— 51 25 35% 
King's Arbour. = — [51 28 47; 
St. Ann's Hill — 131 23 51;|0 
Botley Hill 51 16 414 
Severndr. Castle on Shooters s Hill. 51 28 © |c 
Frant Steeple = — 131 5 34 
Wrotham Hiil! 131 18 34.0 1 
Goudhurst Steeple ff.. 0 4401 
Fairlight DwW nm 131 32 39 [0 
| Hollingborn Hill = 131 15 537 
| Tenterden Steepte = [51 4 8 0 41 11 
Ruckinge -=- 131 355 |0 53 16| 2 33 
Lydd Steeple = - 50 57 73719 54 191 3 37- 
Allington Knoll ne” 151 4 40 0 57 13 
High Nook, near Dymehurch | [51 21 1120 59 18 
Padlesworth - = 51 6 zotjn 8 8 


nenn 

3 

6 Long. In time. | 

| TIER 3 2 „ | 

N . FFF — ... ̃ ͤ . 7 3 

PO OR bes 5 8 48 1 11 1814 43.24 
n = 351 5 457 1 11 334 46.2 
Dover Cast. N. Lumet te e 51 7 4771/1 19 715 16.9 
| | Monitlambert near n Boulogne [5045 2 1 38 5116 385.2 
I Blanenez = = [59 55 3121 42 246 49.6 
N. D. at Calais 8 — got 1 50 $6 7.297 


The method of computation given in Art. 99 is ; efficient to 
show how all the latitudes and longitudes have been obtained : 8 
only it has not been thou ght necessary to apply any corrections, as 
in that exam ple, three or four of the most distant places excepted. 
The latitudes are to the nearest 3 ; 8econd ; and the longitudes 5 
to the nearest second. of 


Relative Heights, and terrestrial Refractions. 


1. Before we proceed to give any account of the observed 
Eg of elevation or depression, at the stations reciprocally, for 
trying the quantity of terrestrial refraction, it may be proper to 
call to remembrance, that, in the measurement of the base on 
Hounslow Heath, the mouth of the pipe at Hampton Poorhouse 
was shewn to be elevated about 60 feet above low- water spring- 
tides at the sea, as far as could then be determined, by referring it 
to the surface of high water at Isleworth; and that the extremity 
of the base near King's Arbour, was ng cy: levelling, to be 
higher than the former end by 314 feet: 

The mouth of the pipe at the south. east end of the . of v veri- 
fication at High Nook near — in Romney Marsh, 

— 


tm 7 


f Lieut. Fiddes found, by dam to be above low-water merke ut 
spring tides, 22.1 feet. | 

The top of the parapet of the north turret of the Keep of _ 
Castle was found by Lieut. Hay, of the Royal Engineers (by level 
ling from the top of the cliff, at Queen Elizabeth's gun, downwards, 
and adding to that the height of the ground and Castle above the 
said gun), to be 463.8 feet above low-water at spring tides. 

Having also measured a base for the purpose, he determined the 
height of the cliff geometrically, which W within less "than 
a foot of the result by levelling. 3 

In 1773, the height of the floor of the upper storys of the Bull 115 
at! Shooter's Hill, was found, by levelling, to be 444 feet above the : 
Gun Wharf i in Woolwich Warren. Since that time the top 'of 

the parapet of Severndroog Castle, has been found to be 1 195 feet 
higher than the floor at the Inn. And allowing 22 feet for the 
height of the Wharf at Woolwich, above low-water at the Nore, 
the top of Severndroog Castle will be > 479% feet above low-water 
Spring tides. 

Lastly, the altitudes of all the intermediate stations have been 
established by the reciprocal angles of elevation or depression, bo 
gradually carried on from station to station, throughout the whole 
series of triangles ; ; and no greater uncertainty has been found at 
5 Hampton Poorhouse than a few feet, occasioned, no > doubt, t. by the 


* Dr. Maskelyne eike, that it vodd de of use to . a person to note the 
thermometer at the object, as well as at the station of the observer, whereby the refrac- 


tion might be more accurately en by the application of a new correction. 


Thus, calling th of the arc of distance; B S the beight of the uniform 


atmosphere; /= 00 n of the thermometers at the two stations; x = the diffe- 
_ rence of altitude of the two stations above a common level; the correction would 


then * r and the true or whole refraction would . accord- 
ing as the chermometer stood lower or 3 at the u pper station. 


uncertain nty ot 


to the westward of Greenwich, no double, but only sin Aigle, obser- 


vations were obtai! ed.; wherefore. the relative, heights, of. these 


stations have been determined by taking 78 * 9 of Wewer 


f hl FO Fe for it is to be comarked, that, 


$ 4% 44S 


for the effect of terrestrial refraction, 


THEE 31 oO Sl gli! 


725 F (fig. &. PL XV. 0 to be dhe centre 15 "the birth; 1 
A and B two. stations above, the surface SS; AD, BO the hori- 
ö zontal lines at right angles to OC, DC; also, suppose A and B to 
be the true places of the points reciprocally observed, and 4 and 5 
their apparent ones - 03 4 

In the een AEBC, the AR at 7 Roe: B. are . ones, 
therefore the sum of the angles EAB, EBA, is equal to the angle 
at C, or the arc SS contained between the stations: in other 
words, the sum of the reciprocal depressions (DAB + OBA) be- 
low the horizontal lines AD, BO, would be equal to the contained 

arc, if there was no refraction. | But a and b being the apparent 
places of the objects, at A and B. the angles of depression will be 
DAb, OBa; therefore their sum taken from the angle C, or the 
contained arc, will leave the sum of the angles bAB, aBA, or the 
sum of the two refractions; hence, if we suppose half that sum to 
be the mean refraction; we have the following rule, when the 
objects are reciprocally depressed: Subtract the Sum of the two 

depressions from the contained arc, and balf the remain der is the 
mean refraction. „ eb l % 

If one of the objects (B) instead of les a 1 
suppose to the point G, the agate of elevation being GAD; then 

the sum of the angles AB 2 will be greater than the sum 
EAB + EBA (the angle C, or contained arc S8) by the angle of 
elevation AD; but if from eAB ＋eBA we take the depression 
OB there will remain eAB-+ aBA the sum of the two refrac- 
tions: therefore, the rule Fon the mean refraction, 1 in khis case is: 


DV, 


£4987 


subtract the depresdion Fri the aum of the contaitie, 
tion, and -balf the remainder i is the' mean 'refrac 
-*Previvusly, however, each iobservation must Be reduced to he 
place or tlie axis of the mate is in the two! followit 
examples. 1043: [81329719] 1Q 19979 912, 10 
1. At Alli gton Knoll, the top of the staff o on Ton Steeple 
was depressed 3.51“ by ; obbetvation; and'the top of the staff was 
3.1 feet higher. thin the axis $of the instrument When it was at that 
being 61777 feet, We 
shall And Adab i feet will, at that distance abba an angle of 
| 10”. 4 which an to $7 51", gives 4 1”. 4 for what the place- of 
ber ni depressed. had it been 

rved instead of the top of the St: il: o , oft ot oor 
On Tenterden Steeple the ground at Allington Knoll was de- 
pressed 3 35: but the axis of the instrument, when at Alling⸗ 
ton Knoll, was 34 feet above the ground, Wich will subtend an 
angle of 18%.4, this taken from 9 35", leaves g 16”.6 for what 
the ge of the axis at en Knoll would _ been de- 
—_ 0 9 ms Mo, RO 


EA. 


are and dis. 
xotore bis Ne SN ; Qs 


TY 


8 


Chi hee (61 777 feet) 10 6 nearly. 
Sum of depressions 4 1.4, Wah 1676 nee ee 


. * ks 3 - 4 py ja K x * 5 4 X 
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© + y bad Fy 4 5 F * * E a 4 F * I * ” 4 ; an. 4 * + 
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Mean refraction n 5 9 750 

or about of the Föritaitted are % wild? 

For the relative heights. T . mean eden added to e che 
depression of the axis at Allington Knoll is 1 24“ + 4 166 
=4 40.6, being 22% 4 less than half the contained arc, and 
therefore the place of the axis at Allington Knoll is higher than 
its place when on Tenterden Steeple, by what that difference, or 
the angle 22:4 subtends, which will be found 6 7 feet ; this 


＋ 77 7 


taken from gay feet, the vertical height of the axis at Allinglen: - 
Knoll, leaves ga 2. 3 feet, its height when on Tenterden Steeple.” 
2. At Allington Knoll the perm at High Nook was 


depressed 13 r — — 46 45 
At High Nook the ground at Allingion Knoll was ele- 
vated A CTY — 115 — — ? * — by — JP? 42 34 


The het ov ab. the; axis djs the 38 at ab of those sta- 
55 tions was 35 feet, which, with 23186 feet, the distance between 

the stations, will give 49" nearly, the TR eubtended * the 5 
Walt of ths axis er tg noun. - ot 494001 


p £ 


Ground at High Nook e 23 5 9 N 
5 OA 
Place of the axis . depr. 45 54 
Ground at Allington Knoll — elev. 42 384 
KP ES ns 49 
Place of the axis 3 a 3 elev. 43 23 


Contained are (28186 feet) „ese 1 48.4 nearly. 


um of contained. arc and elevation 1 . 
| Deprecion ET ce 28 7 45 54 


— 9 diff. * 274 


| Mean refraction VB II ii 2 44 of half ©. 0 19h. 
org of the contained ane... 1411 3 


Subtract the mean refraction from 4 29” and there remains 
42 44 for the elevation of the place of t the axis at Allington 

Knoll corrected for refraction, which, with the distance of the 
stations, give 301.7 feet, for the height of Allington Knoll above 
High Nock: this being added to — feet, the height of the 


£4981 


axis at = gh Nock above low- water, 5 we have 820 0 the 
height of the axis Kt br nan WEE. > 17 299) eech 29961 ond 


C2 


= — + 4 Fo 
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93 p Reſraction between Dover cui, gow" Calais Church, 


£5 L154 10 18 PLS: * : 


+ 1575 Let Clfg. 6: Pl. XV-) be the earth's centre, SS 5 AT 
D the station on Dover Castle; B the top of the great balustrade 
of Calais Steeple; DO the Boriz0hital nine; als let Sd = 8D; 
then the angle ODd = = half the angle C, or are Sc. 
Calais from Dover is 137435 feet, which answers to 22 29 
nearly, ny m_ C, or contained Se een ODd = 115 4 4 


'S ? f 21K. 


[4 9. p : a 1 18 2 17 1 


The 0 of D above Wat spring tides - 469 
The 1 of B (communicated by the Fee „ 
3 „% J wu 


* S 4 * . 
; . | 11 5 
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The distance 1 87455 with 3283 give the angle 4DB = 7 14 
N | angle ODd = = 11 145 


15 


* he depression, supposing ok refraction, — ODB = - 19 ob 
But the depression, by observa tion, was ä„„5 59 
Refraction . „ - 1 diff. 1 291 


or Ir of the contained arc. Which may be considered as the 
actual refraction at that ns because the relative heights ; are 


given, FRAY 


F 
7 


| Refraction between Padlerworth and the Hot rizon of the Ses. 


N12: FP 4512: 


2 Oct: 7. 1787, at the station near Padlesworth, : the * 
sion of the horizon of the sea, in a 8 W direction nearly, was 


r 


obeerved sg a. A degree of a great circle. in that dire 

about 61000 fathoms, and, therefore 61009. x, G x 57. 2957795 
= 20970255 feet, will be the radius of curvature nearly. The 
height of the station above low- water spring tides (as determined 
by alternate observations at this place and Dover Castle) is 64 


feet; hence — 9999693861 the natural cosine f 


20970255 +642 

26 54 the dip; therefore 26 54” —26 27 = 27, is what the hori- 
20on was elevated by refraction. The state of the tide, however, 
is not taken into consideration, but the time was about noon. 
The weather was calm and cloudy, and the horizon clear. Barom. 
29.6. Thermom. 70, at one P. M. 
This refraction coming out 80 anall, wight almort induce ons 
W bad, comes inja the alweryation, thaugh. 
it was made with much care and attention. | | 


* 
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75. Table of the 222 and * _ 
= low-water 


L of the contained -Allin on Knoll - geg foet. 
are between and Ruckinge 37 


= 7 8 | and Lydd 467 5» 7 — 130 
FF * - [and High Nook 
1 | Allir n Knoll 

F re e, 


%%% and Lydd N 
| {Frant = 639 
| Unnd Botley un . --. 0-1) 
{Dover Castle 469 
4 4 


©] i 
| 
| 


| 


o * 
Py 4 5 1 
1 3 * 
N 2 7 EO SLIT; 
- ; * 5 — » &% 1 93 
9 2 " * x" 1 
5 * » * * * „ * * * os Ly 
4 1 water. 
1 ' 
2 - 
f 
. 32 1 


599 feet.” 


r 


5 A co! 457 
(Goudhurst 
Land Tenterden 


Allington Knoll 
and Lydd 


128 Castle 5 
and Folkstone Turnpike "375 


al. 2 


"Folkst. — nd 1 


Dover Castle and Calais 
Folkstone Turnpike and 
Montlambert . 


Greenwich 8 
Norwood OY 
Hundred 8 
Hanger Hill Tower 
Hampton Poorhouse 
Eing's Arbour 
St. Ann's Hill 
Swingfield _ 
 Hollingborn Ki 
Remarks. 
The 8 on the distances across the Channel, 8 
vom the heights on the n cvast comm w the 


x 19 


French Gentlemen: that at c was determined by ed mon- 
Surement.  . 2 rt 20119 SNK on ia 
There is reazn e that, che height of St. Ann's Hill, 
in the above table, is con bly too great: it was found from 
that of Hampton Poorhouse, by taking 7g of the contained arc for 
the effect of refraction. In 1787, at Hampton Poorhquse, the 
ground at St. Ann's Hill was elevated 17" 89), but in 1798, at the 
Same tation, the devation was no more than $' 11". By the 
barometer, the height of St. Ann's Hill was found to be 200 
feet above the Thames at Shepperton, to which, adding gg feet. 
for the fall to low-water at the sea, and 21 feet for the height of 
the tclescope above. the ground at St. Ann's Hill, the gum is 254 
feet ; which probably is within 30 feet of the truth. 
the telescope was about 5% feet. On the half scaffold it was 21 
feet. — fleas 7 


1 two Sets, for 8 
F the Maps of the Country, ond the Few of the Cy of London 
_ end its Exoirons. Plate XVI. 15 


FFF 
the error on the am of the three angles of each triangle suffi- 
ciently proves that the general result would not have differed 
greatly, if only two of the angles had actually been observed. 
But in an operation of an much importance, this could not have 
been depended upon ; nothing was to be left doubtful ; and there- 
fore, in the execution of the various parts, the most minute atten- 
tion was paid to every circumstance whereby the accuracy might 
— ff 
Aa 2 


£ 18 1 
strument 'reciprocally over the same point marking che naue, 
that no possible error might arise from parallax or eccentricity. 

From this mode of conducting the operation, it will readily be 
seen, that, if time had permitted, the situation of a multitude of 
other points i in the country "might have been very accurately de- 
termined, besides those actually marking the points of the tri- 
angles, whereby the ordinary maps would have been greatly 
improved by such as chose at any time hereafter to make use of 
these as 80 many given distances. But the circumstances not 
having permitted us to multiply those points to the extent that 
might have been wished, and that would have been easily prac- . 
Une if che er had c commenced at a an r earlier season of the 


few of the most conspicuous 456 best defined Ache 8 

These secondary triangles are subdivided into two sets. The 
Krot set consists of thirty-three, whereby the relative distanees of so 
many points have been determined. from certain stations of the 
principal series, beginning with those objects that have been in- 
tersected from the most westerly stations, and so on, proceeding g 
gradually with the others towards the east. Two angles only of 
each of those triangles being observed, the third is that at the i in- 
tersected object, or the supplement to 180˙. Although the dis- 
tances thus obtained cannot be quite 80 accurate 4 as the sides of 
the prinei ipal series; yet there is no reason to apprehend, that 
they will be found. to differ widely from the truth, when they 
come to be proved in the course of any subsequent operutiont 


by which alone they can be put to the test. noma teak hn 
bn * 411? Fr Fatt ee 30a ty 12 
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Dintanchs of the stations W the inter- 
„ sected n et, 


Triangles. | 1 Angles. 


3 * 5 — ——_ — — 5 
+ I4 a 7 7 1 7 : * I 7 —_— * ; —— 
4 Cr 4 19 by 1 5 - Yy 4 ” 


| | gs A bbur $51ur 4 8 52 57 rer ere 1 * | 27 
St. Ann's Hill - | 4 4 44 if 80 Swan, 1 16997 1 
Stanwell Church ; 167 2 19 1 
King's Arbour = 28 35.34 | From Harrow on ( 42943 | 


anger Hill Tower | 39 23 52 : | bg the Hill 20558 
Harrow on the Hill - | 62 0 34 9 £15 29171" 5 29898 | 


King's Arbour — 70 147 805 Banstead 
anger Hill Tower | 82 19 25 7 h Church | 
Banstead "Church 1 27 388 488 (44 | 
Hampton. (ng | 88 58 23 [U Mock ew Pa- 
, ing's Arbour | _ | 40 14 25 | gods EEK ; 
Kew Pagoda ---- =... ..... = = 47 12 e 
Harrow on the Hill 43 8 Tirom Spring Grove 3585 
St. "Paul's Church 9 5 58 9 2 House 8 8 IH 5 
Spring Grove n 5 — e e 
Sir Jo. Banks? 74 18 48. „ 
anger III Tower © 8719 33 4 15 55 ee ao 
Spring Grove House | 82 46 16 Royal Observ. 6804 
Richmond: Royal Or, | © | Hanger Hill from | 
1 


vator yy 77 40 40] Spring Grove || 19077 | 
Hundred Aeres - | 14 15 27 |] from Battersea 7505564 
St. Paul's * — 34 3 49 ] : Church 39” 22226 
Battersea Church 1181 49 44 [© I 
Hundred Acres 5 27 51 56 f from "Stretham” Sit 36957 . | 


we as of 


"yy * 
%.. 


Fulham Church * 1 46 1 54 Church 
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The Royal Obeervatcy 3 in Richmond lower Fark c not be 
seen from any of the stations of the great series of triangles, except 


Hanger Hill Tower, from whence the bearing of it was taken. In 


order to intersect this bearing, the assistance of certain operations 
made with the astronomical quadrant in 178g, at Spring Grove 


I House, has been called in, by the help of which, the situations of the 
Observatory and of Spring Grove House have been determined. In 
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like manner, the bearings of Battersea and Stretham, taken from | 
the Hundred Acres, haye been intersected with the quadrant from 
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The results from the observations made on Fulham Church, 
homer cannot be considered as very exact, because Hanger Hill 


Tower itself was s the dect. instead of the flag staff RL on it 
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77. 1 _ Philos. 6 | 1787, sufficient reasons have been 
given for avoidin g St. Paul. s as a station in the series of great 
triangles. Indeed, if no other objection had existed, the smoke of 
the capital ; alone would have, been found extremely inconvenient. 
This was experienced at Shooter 8 Hill, where we were detained 
a whole week, before the white lights, notw.ithstanding their ex- 
traordinary brilliancy, could be seen at Hanger Hill Tower, or even 
at Argyll Street, the north-east wind, which then prevailed, having 
brought the impenetrable mass of smoke between the station of the 
instrument and the points to be observed; and. at lat, v we were 
obliged to watch all night, till towards the 3 1 25 2578 the fires of 
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It is not therefore surprising, that from 58 5 stations of N e 
Ursenvich, and Shooter's Hill, we should only be able to fk, in 
a satisfactory manner, two points in London, namely, St. Paul's 
and Argyll Street. Bearings it is true, of others) were taken p but 
that these might be interest td by angles not too acute, it hecame 
necessary to make u. use of observations that had been formerly ob- 
tained at Argyll Street, and at St. Paul's, with the astronomical 
quadrant. Moreover, by way of finishing the operation, and fur 
nishing such part of the inhabitants of the metropolis as may be 
ourious in matters of this Sort 
fall to be useful to them, two new stations were chosen for the 
great instrument to the northward of London, one on Hornsey 
Hill, and the other on Primrose Hill. Thus, from the combined 
operations at these Several places, we have, been able to deter- 
mine the situation of thirty conspicuous points, consisting chiefly 
of the most remarkable steeples in and near the capital. 

By referring to Plate XVI. which is in fact the skeleton, but on a 
very small scale, for an improved plan ef London ànd its environs, 
the relative situations of these points. with regard to St, b. der s and 
the four nearest stations of the great series, will be seen et . . ome of 
the principal of these Secondary triangles have been represented by 


T dotted lines in the plan. To have expressed more of them in that 


way,) would only! have occasioned confusion. Here it it is to be 1 re- 


marked, that the distance of Argyll Street from St, Paul's, 9632 
feet, 1 84. Brit a base in in the quadrilateral formed by St. Paul's 5, 
observed 77 at these 850 last stations, and the assumed length 
of one of the, unknown sides, all the angles of "the ee are 
computed; by 1 whichn means, and the. true length o one side fp 
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78. That . 8 triangles may be more e generally noofa 
to the inhabitants of London and its environs, the angles, which 
the gg points comprehended in Plate XVI. respectively. form with 
each other at the centre of the dome of St. Paul's, are collected in 
| mex table, together with their several distances from that 


St. Paul's Those a the first class commence at the Sr meridian, 
and proceed by the east to 1800. These of the second commence 
at the south meridian, and proceed, in like manner, by the west to 
1808. From this table the total angle between any tx eing 
had by simple subtraction, and the distances from St. Paul's} given, 
the distances of the objects from each other are readily ob ained. 
Whoever, therefore, should be desirous of knowing accurately his 
own situation in this great metropolis, may easily satisfy Himself, 
by taking two angles from the top of his house with. a go Had 
leyis sex tant or theodolite, between any known ohjeots near to him 
and the best disposed for the purpose. By the help of these data, 
and a very simple trigonometrical computation, he will obtain 
wha he wants; and he may even satisfy another curiosity Which 
will probably occur, namely, that of putting to the test our original 
operation, by trying how nearly different triangles bring out the 
same result. It will readily be conceived that, for trials of this sort, 
the points whose situations have been determined by the gxęat i in- 
strument should be chosen preferably to the others; and next to 
these, the objects that have been fixed by one tigle, taken with 
the Argyll Street instrument, as more to be relied-uponithan those | 
observed with the astronomical -quadrant or sextant. Thus an 
| excellent foundation is laid for the improvement of the: Plan of 
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The wearing or Greenwich from the meridian of St. Furs, on; 
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GENERAL Survey of the Island of Great Britain, at the public 
expence, was (as we learn from the Introduction to the account of 
the measurement on Hounslow Heath) under the contemplation of 
Government as early as the year 176g, the execution of which 

was to have heen committed to the late Major General Roy, whose 
eee — and talents well qualified him for euch an under- 
a late M. Cazini 4e Thairy tranenitted a med 
to che French ambassador at London, which paved the way to a 


ment of science, this memoir was presented to the King, and 
readily met with the approbation of a monarch, so eminently dis- 
tinguished, from the æra of his reign, for his liberal patronage of 
the arts and sciences. By his Majesty's command, the memoir 
was put into the hands of Sir Joseph Banks, P. R. S. accompanied 
with such marks of royal munificence, as speedily obtained all 
the valuable instruments and apparatus necessary for carrying the 
design into immediate execution. 


General Roy, to whose care the conduct of this important busi- 
ness was committed, lived to go through the several operations 
— Dd | 
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ng of this important work. Calculated for the advance 
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pointed out in the memoir, the particulars: of which - have been 
detailed in the two foregoing Accounts. The further prosecution 
of the Survey of the Island, to which the operations hitherto 
performed might be deemed only as subservient or introductory, 
seemed to expire with the General. 
The liberal assistance which his Grace the Duke of Rickmcas 
had on all occasions given to this undertaking ; and particularly 
the essential services performed by Captain Fiddes, and Eieute- 
nant Bryce, of the corps of royal engineers, in the survey and 
measurement of the base of verification on Romney Marsh, are 
acknowledged by General Roy in the strongest terms. A consi- 
derable time had elapsed since the General's decease without any 
apparent intention of renewing the business, when a casual op- 
portunity presented itself to the Duke of Richmond of purchasing 
a. very fine instrument. the workmanshipi of Nur, Rameden, ef 
similar construction to that which was used by: General Roy, but 
with some improvements; as also two new steel chains of one 
hundred feet each, made by the same incomparable artist. Cir- 
cumstances thus concurring to promote the ſurther execution of a 
design of such great utility; as well as honour; to the nation, his 
Grace, with his Majesty's approbation, immediately gave direc- 


tions to prepare all the necessary apparatus ſor the been which 
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82. Previous t nee bens Wig account, ple not, 
portvign,! be improper to enumerate some preliminary matters 
relative to the subject. The first mode of mensuration adopted 
by General Roy was that with deal rods, which had alse been 
used and approved of in other countries. In the churte of the 
measurement, however, it appeared, that the sudden and irregular 
changes which these rods were liable to, from dryness, humidity, 
or other causes, rendered them totally unfit for ascertaining the 
length of the base with that degree of precision, of which it was at 
first thought they were capable: On this account they were laid 
asidle, and glass rods substituted in their stead. These rods were 
contrived with great ingenuity to answer the purpose, as fully ap- 
pears by the account given of them in Art. 34. But this mode of 
mensuration being the first of the kind, seemed to require some 
proof of its accuracy, which consideration induced General Roy 

to make a comparison between the glass rods and the steel chain, 
which Mr. Ramsden had made for the Royal Society. For this 
purpose a distance of one thousand feet was carefully measured 
with the rods and the chain. The result of these measurements 
appeared to be such as would have produced a difference of little 
mote than half àn inch upon the whole base, had it been mea- 
sured with each of them respectively. But notwithstanding the 
apparent degree of accuracy which this, or any other mode of 
measuring may be supposed capable of, yet it seems necessary 
that every * intended to become the groundwork of such nice 

| th d 2 
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operations, ought alias bene cireumstanoes will nee to de 
measured twice at least. . C 

The manner in which the . 8 oat nh 15 
surement, is supposed to have rendered the operation liable to some 
small errors, which api different ways, might possibly have 
counterbalanced each other, and produced a true result: but this 
supposition ought never to be admitted i in experimental inquiries, 
unless such errors can; be nearly estimated. The principal cause of 

error is supposed to arise from the ends of the two: adjacent rods 
being made to rest on the same trestle: because when the first rod 
| is b off, the face, of the first trestle, being then pressed by the 
end of one rod only, will acquire a; tendeney to incline a little for- 
ward. The error arising from b aue rg pron tag, tend to 
shorten the apparent base. \ have att cos 
Another source of error is aue wal arise . his Aue 
ee, of the rods from a right line, in the direction of the base, 
tending to increase its apparent length. And a third error is sup- 
posed to result from the method which was used of supporting the 
ends of the rods on two trestles only. by which they become liable 
to bend in the middle. T his concave form of the rods would also 
tend to lengthen the base. The first of these causes of error was 
submitted to experimental inquiry in the garden of Richmond 
house, Whitehall, in the presence of his Grace the Duke of Nich- 
mond, Sir Joseph Banks, Mr. Ramsden, and Mr. Dalby ; when it 
appeared evidently, that the glass rod had a small motion when the 
other rod, which had cou nterbalanced i it, was taken m the trestles. 

These considerations, therefore, rendered it necessary to com- 
pare the measurement with the glass rods, with that perforined by 

other method; not on account of any doubt being enter- 
| wind of the care with which General Roy's operation had been 
performed, but solely with a view to bring this new mode of mea- 
curing to some proper test. "NG eren of: TUES: could, 
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perhaps, be better than measuring the same base with the steel 
chain. General Roy l himself, 3 in his.remarks on the comparative 
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accuracy of the two bases, that ol Hounslow Heath and Romney 
Marsh, evidently gives the preference to. the chain; which, every 
_ circumstance considered, it is certainly right to do. These reasons 
induced his Grace the Duke of Richmond to direct the base on 
Hounslow,,Heath;:ta,þe, remeasured with, the steel chain 3, and 
although the result dees not differ from the glass rods, by so small 
a quantity as General Roy's experiment assigned, yet it does not 
amount to more than three inches on a hase exce: 'S five miles. 
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f the Apparatus ite: 5urement ro the ban. ; 
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8. The apparatus, prov n for the measurement, copaiated of 
the. following axtieles, dix. NA eee it 10 i. Safe bi! 
K ods transit mam, oy SEV, £1 fs n „it 10 


; 8. * steel chains, 1 100 frat: each, with 3 apparatus f for the K 


eraping-post and neigen. f 

4. Three sets of, deal coffers, Ke 5 * . 20 > feet 
long, for receiving the chain when extended in a right line. 
5, Thirty-six strong oaken pick 
shod, and hooped with iren. . 


brass register heads, ann ng 1 an DT 
by finger-screws, for adjusting the ends of the chain. One of these 
registers has a micrpmeter-serew- attached to. it, proper for en 
suring small quantities expanded or contracted., by the cl Lad hoo 
ih. Thirtyrsix cast iron heads, to fix on: the picketis. 
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188 MOAT. of these articles les have been described very ee 


| 0 of 54 and 44 feet long; 


eral Roy in the two. preceding Accounts, it will only 
y here to give a description of the transit Anpryments 
ning (leogan, and the two new enn der elt au. „ as Iain 
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84. This instrument, — by Mr. Ramsden, wiky he 0 
ed as a transit combined with a telescopic-level, which inakes it 
ve two purposes; one for determining points in the game verti- 
cal plane; the other to Show how much a measured line deviates 
from the level. It consists of a telescope about eighteen inches 
long, with an achromatic object · glass of about 1g inches dia- 
meter. The telescope passes through an axis in the manner of a 
transit, and as it must be used for viewing objects at very different 
distances, the images from the abject-glass will vary in the same 
proportion; it therefore becomes necessary to vary the distance 
of the wires, so that they may be exactly in the same place with 
the image. For this purpose there is a pinion; moveable by turn- 
ing a milled head at A, whereby the small tube, with the wires 
which are contained in 15 box B. are made pes: of nde 
from the object-glass. 26,3. 3081 beriet 
The two pivots, or extremities of the axis, are made with great 
accuracy to the same diameter; and they turn in angles i in the 
uprights C and D. Each of the angles i is fixed in a slider; one at 
D, to move horizontally, by turning a een E ; the oder 
vertically, by turning the finger- screw F. 2255 0 
Ihe level G is here represented as bonita 5 0 
transverse axis. Its use is to show when that axis is horizontal; | 
and it is furnished with an adjusting screw H, by which the two D 
hooks may be made exactly of the same length, so that the axis on 
which it is suspended may become parallel to a tangent to the 
middle of the glass tube. This level also serves to et the line of 
collimation in the telescope horizontal; for which: purpose there 
are two pins, K and L; attached to the side of the telescope; pa- 
zallel to the axis thereof: one of these pink is furnished with an 


1 8 1 


1 by which the line of the hooks is made pa- 

ralleb to the line of collimation in this with the greatest 
precision. The level may be e eee ee in mg ge 
manner as on the horizontal axis. ae ee eee, $993 
The cross wires at N, in the com link ae of the Wert and 
eye · glasses, are fixed at right angles to each other; but instead of 
being placed horizontally and vertically; as in the common way, 
they make each an angle of 45 with the plane of the horizon. This 
mode of fixing wires is of the greatest advantage in making nice 
observations, as it remedies the inconvenience and error arising 
from their thickness. To bring the line of collimation in the tele- 
scope at riglit angles to the horizontal or transverse axis, there are 
two nuts ſor the purpose, one on each side of the box at N, which 
serve to more 1 ere reg of these wires towards the eee or 
left. Ie e e et 
In the een tbo is a micecneter; which serves 
to measure small angles of elevation or depression. It consists of 
a moveable horizontal wire, placed as close as possible to the cross 
wires already mentioned. By turning the micrometer-screw O, 
this wire is moved across the field of the telescope, and the space 
which it moves through is shown in revolutions of the micrometer- 
scre ; by means of an index, moveable in a slit, and the divisions 
on the stem Q. re ere ee mee e en — _ 
TEE P;, on the micrometer head. 

Inc tracing out a base by intermediate stations, the tra uni 
Ale ber frequently shifted to the right or left; till the telescope 
shows that tlie middle of its axis and the extremities of the base 
are in the same vertical plane. To expedite this operation, there 
are slits cut through the top of the mahogany: board, for receiving 
the screws which fasten the supports of the telescope; by which 
means the telescope, with its supports, can be moved a little to the 
* or left, whilst the stand remains red Over another ait in 
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the top, and direotly under the centre of the axis of the cen : 

at R, is a small hole for a wire or thread to pass through, suspend- 
ing a plummet for marking a point on the Sew . the _ 

. is brought into the desired vertical plane. E 
The method of levelling the axis, adjusting the line of collitia- 
tion, &. are similar to those for the 1 e we Eee er 

theodolite, a as Mgr urn, Art. 41 Se ia fnösttoct baoolg gated 
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[abi This is bsp is in every respect de same as ithuit Which 
was made use of by General Roy;'therefore it will only be neces- 
sary to explain the application of it, ſor fixing the pickets in the 

direction of the base, with the tops of those belonging to the same 
hypothenuse in the same right line. 442 
A rope being stretched along the ground, in the direction of the 
base, distances of 100 feet were marked upon it by means of a 
twenty feet deal rod. After a sufficient number of these distances 
were set off, the telescope was laid on a narrow piece of board, 
truly planed, and fixed to the top of the picket at the beginning of 
the hypothenuse; and another picket was driven into the ground 
at a convenient height at the other end. To the top of thiis last, 
a thin deal spar was fixed, and the telescope directed to it, whilst 
the intermediate pickets were driven to their proper height. To 
determine this height more accurately, another spar, whose thick- 
ness was equal to the height of the axis of the telescope.aboye'the 
top of the picket, which supported it, was repeatedly laid on the 
top of each picket at the time of driving it, till its upper edge and 
the fixed spar appeared in a right line. Whilst the pickets were 
* driving, they were moved a little to the right or left, as directed 
buy signals from the observer at the nn till wad er 1 0 
urn 7 Na! 7 
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| 0 were by Mr. Ramsden, and are of simi- 


5 ae in the joints to that which he made for the Royal 
Society, described in Art. g.; but they differ from that in other re- 


spects. Instead of one hundred links, each of these new chains con- 


deins forty, of 24 feet long. The link is in form of a parallelo- 
pipedon, of half an inch square, which renders it considerably 


stronger than that of the Royal Society; and the chain having 


fewer links, becomes less liable to apply itself to any irregularities 


which the coffers may be subject to. The handles are made of brass, 
and being perfectly flat on the under side, they move freely upon 


the brass register -heads, hy which means the coincidence between 


the arrows at the extremities of the chain, and the divisions on the 
scales, are readily and accurately. obtained; The — 


hereafter be distinguished by the letters A and B. | 
On Saturday July the 2gd, all the foregoing 1 were con- 


veyed from the Tower to the end of the base near King's Arbour. 


where tents were pi itched for a party of the royal regiment of 
artillery, consisting of one serjeant and ten gunners, who were 
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Lene (made to ascertain the relative Lengths of the Chains, 
before and after they were used: and also to determine the; Ex- 
er one Chain; or one hundred Feet * blistered. . as 
one . ee ee 1 
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oi For this al ano e 3 een eee two | 
a fert into very firm ground, and the drawing - post was made ſast to 
them. Five coffers were arranged in a right line, and supported 
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Fa J 
upon courses of bricks. Aw Sam thn chants ths at. 
and stretched with a weight of fifty-six pounds. Notwithstanding 
the great resistance which it was thought these pickets were, ca- 
pable of, yet it was found insufficient to counteract the friction 
| between the coffers and the chain, when the expansion or con- 
traction took place. Three pickets, therefore, of forty-four inches 

long, were driven into the ground, wihin six inches of their tops, 
and the drawing-post was fastened to them by several folds of 
strong rope. The pickets and rope were e cee! with carth, 
to prevent their being warped by the unn. 
be micrometer-screw, attached to the brass et by 
means of which the expansion or contraction was measured, con- 
| tains 26 threads in an inch. The circular head is divided into 10 
equal parts, and consequently each division will measure zzsth 
part of an inch. But as the eye readily subdivides each of the 
divisions into 4 parts, eee eee 
n ü ba noe wy 


For 'r finding the relative L engths of the Chains. 


388. In order ts accomplich thei erperinenm in AC. 
exceptionable manner, after the chain was properly stretched in 
the coffers, and the thermometers placed by it, the whole remained 
till all the thermometers stood steadily at the same height. The 
ends of the chain being then in perfect coincidence with particular 
divisions on the brass register-heads, the chain was quickly taken 
out and replaced by the other, which being properly stretched 3 in a 
right line, and a coincidence made at the drawing - post end of the 
chain, the variation of the other end from the division on its re- 
gister-head showed the difference of the lengths of the chains, 
which was measured with the micrometer. As it required wea- 
ther particularly Steady to sucoœed —— — 
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oliged to catch the most favourable opportunities that presented 
themselves, which happened on the agth and goth of July; on 
those days the chains POR ag el ara and the 
results were as follow. 
 _ July 2gth. Thermometers remaining adh at 76 during and 
after the operation. 

"This chats, B/ vas; Crug $0:bb 64 Gili of che deve 


head shorter than the chain A; a A was found 
: to exceed B 64 divisions. e 


Same day. Thermometers dend at 67. 

The chain B 6 divisions shorter than A; and being shifted, the 

chain A was 6 divisions longer than B. een den d er. 
periments is, A 64 divisions longer than B. 


In the table containing the particulars of the operation it will 

be found, that the chain B was laid aside after measuring 38 
chains, on account of one of the links appearing to be a little 

| bent. Before it was sent to Mr. Ramsden it was compared with 
tte chain A (at first intended to be kept as the standard chain), 

when it was found to be only 44 divisions longer; which being 
14 divisions less than the mean 62 as found above, shows, that the 

chk B had lengthened 13 divisions in measuring g8 chains; for 
when Mr. Ramsden afterwards straightened the link, he could 
not perceive any difference in its length. 

The remainder of the base was measured with the n (the 
chain B being kept as a standard), and when that was completed. 
a comparison was again made between A and B, when it appeared 

that A exceeded B by 1478 divisions of the micrometer head; 
therefore the wear of A, by lengthening of the joints, in measuring 
236 chains, was 14.2 — 4.5 divisions = 9.7 divisions of the mi- 
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00 
5 vered with a "(his hai os, When the aun Woche out? 2 * 
rema minu s were nearly of the 
3 same temperature, a perfect coincidence was made ön the register 
Heads, at each end of the chain, and the thertnometers” Hoted. 
ö Every thing 1 remained in this state till the coi coincidence at the weight 
end of the chain was observed to be altered, arid the therthometers 
nearly the same; at which instant, they were again read off, and 
the alteration of coincidence measured with the mierometer. 
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The mean result from these nine experiments is 0,007492, or 
o. 0075 inch to 1 of 0 ee, on 100 feet of blistered steel; 
which differs only + Rs ML, parts of an inch from General Roy's 
conclusion with the pyrometer; but the numiber.0075 i is preferred 
in these measurements, as being deduced from experiinarns made 
with the chain itself. „ 
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90. After the chains were nee en eee 
determined, as related in the preceding article, several trials were 
made of arranging the pickets and coffers in such a manner as 


might be supposed proper for the reception of the chain. It Was 
500 found, however, that this method of 1 would: be 


neither 50 expeditious or accurate, as FH 
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upon trestles, such as were made use of by Geher Roy m his 
measurement with tlie glass rods. An application was therefore 
made to Sir Joseph Banks, who very obligingly complied with 
the request, and lent the trestles belonging to the Rad . ä 
A description of them i is given in Art. 6. i 
As the upper part of the pipe at the Banck e a_ of the base 


was found to be exceedingly, rotten, it became necessary to sa off 

23 inches of it, Which. left enough of the eylinder remaining to fix 
the brass cup in, as it had been originally bored to the depth of two 
ſeet. This cup, which was also lent by the Wer Sy. being 
inserted in the pipe, fitted it exactly. 

On the 15th of August, having previously traced out the line of 
the base, by means of the transit instrument, the operation com- 
menced, in the presence of Sir Joseph Banks, Dr. Maskelyne, and 
Several other members of the Royal Society. 'T he following table, 

which contains the particulars of it, will explain the order of time 
in which the different parts of the measurement were performed. 

As it would swell this table to a great extent, were the de- 
grees shewn by the thermometers inserted therein, it has been 

considered as proper to give only their sum, which is sufficient 
for finding the correction to be applied in the reduction of the 

base, on account of the lengthening or contracting of the chain 
by variation of temperature. It may, however, be remarked, 
that the five thermometers were laid close by the chain, and 

suffered to remain till they had nearly the same tem perature, 
when they were read off, and registered in a field book, whilst 
an observer at each end of the chain preserved a perfect coin- 
cidence between the arrow and a particular division on the brass 

scale. When the sun shone out, the chain was coyered with a 
white linen cloth, the ends of which were put over the open- 

ings of the first and last coffers, to exclude the circulation of air. 

The thermometers usually remained in the coffers from 7 to 15 
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minutes, — to circumstances; when the ky. was much 
overcast, a shorter time generally was found to be sufficient. 


92 „Table, containing the Particular the A e the er Columa earthy the 
Day of the Month when each Hypothenuse was fi finished ; the Second, the Number 
Fypothenuser ; ; the Third, the Number of Chains in each Hypothenuse ; the Fourth, 

the Perpendicular belonging to each Hypothenuse, or the datum for reducing it to the 

Plane of the Horizon; the Fifth, the computed Reduction:: the Sixth, the new Points 

of Commencement above or below the Head of the lam Picket when. a new Direction ua. 

| taken; the Seventh, the tota! Decent of t e Extremity'vf each  Hypothenuce # ukd t 

Eighth, Remarks, or general Occurrences., _. . 

N. B. The Numbers in the 4th and 6th Columns connected | ering 15 their fra + ond 
Tabs M WOT NO TAS HEE: <4 


1791. [No. of 55 of Perpendi. Reductior 7 | 
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1 1 | Taches, Inches. en. Inches, The 1 ist © chain ene, 14 

Aug. 18 1 3 [5.8 0.00467 |+ 14. 0 19.8 inches above the head of Ge- 
I ; 1 þ th O. o * O. 00000 i e 2 neral Roy s pipe before i * 

32 57. 04231 35, cut off 

Ti 14 | + 26.25 o. 2051 0 61.65 Began meat ith chain A 


+12-1 {0.00610 |— 4-9] 68.85 | at qth hyp. one of the links on 


1 hl | 439--4::;. 20 | 0.00000 — 7-9] 69-95 | the chain B appearing to he a 
Sept. 2 1: 4 ** 8 [o. 01017 | 89-75 | Little bent. ck hypot. 
477 4] 1 | — 3-8 [0.00602] | 85:95 Crossed the river wm at the 
_ 15 E 250. 13317 155. 20 Crossed the Staines road at * | 
310 17 | +15:3.|0-00574 |— 4-25 166.25 ee, 95 
939352 1199.75 
42] 12 13 [419 [o. 000124 [201.65 | | f 
42 | 137 | +545. | 017680 — 8.251247-90; 
13 14 | 6 [ o. o 247.90 
44 15 ; 12 3 5 | * 7-5 | 0.00469 - 25 250.15 1 
"4 20-7 ** 9 : 0.0 [0.00000] 2259.15 
16 17 8. 4 5.3 [0.00146 9.824595 
1718 [10 | + 2-9 o. 0035 248.85 
20 19 5. | + 48 ]o-corg2] (253-05. ROTO) 
20 | 20 | 4 | + $-1 | 0.00683]. 261. . 
2121 : | — 1.5 . 
1 +35-4 J. 08703 
22 43 1 | + 6.4 0.01707 0 nnn eerie 
23 24 | lo | +145 [0.00876 230 hypothenuse, | 
25 | 25 ] 12 | +544 (0. 10275 
85.1 $9. 1 -4 | —24-5 | -2501g 
96 1-39 5 | — 1.0 (0. 00001 
26] 28 | 5 | 12-3 [001064] | 
26] 9g | 1 | 9.0 0.03375 65.75 [The head of the last picket 
fark hogs! POT: 1 uv as 23 feet above the head of 
26 30 s | + 69 fo. 00397 the pipe. before it was cut off 
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- 92" it having deen our wish, that some scientific persons allele 
1 present at the completion of the. measurement, his Grace the 
the Duke of Richmond was pleased to desire Dr. Maskelyne, astro- 
nomer royal, and Dr. Hutton, professor of mathematics in the 
royal military academy at Woolwich, to attend upon this oc- 
casion ; to whom Mr. Ramsden was necessarily joined, as his 
standard brass scale, and beam compasses, were requisite to con- 
clude the business with the wished for accuracy. Accordingly, on 


: Wednesday the 38th of September the remaining three chains 


were measured in their presence; and the horizontal distance from 
the end of the last chain to the axis of the pipe was found to be 
21, 035 inches, as determined by Mr. Ramsden; and consequently 
the apparent length of the base was 274 chains, and 21,055 inches. 

The height of the last picket above the pipe was 35 inches, from 
which deducting the 3; inches of the rotten part, d was cut off, 


there remains go: inches, or 21 feet, for the heigl t of the last 


picket, above General Roy s pipe; which: makes the whole descent 


33,55 feet; or about 24 feet more « than! Was i renal, by the for- 
mer measurement. 
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95. Apparent length, namely, 2 274 chains + 1. 756 
feet Sha _ 1 „ at; by ef rs Og 755 
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4+ 1 > + ts 


he Seren fir the © excess of the Chains 5 By 15 
lengths * . above 100 "feet, and half their wear, WOOD 


Po 4 29 þ 9 * 2 A * 


_= X 2966 + 38 X 592 n e 
in ; and this add Hino H v 2.89 
Tbe aum of all the 3 shewn by the wer- i 0 

9 — Was 08s 25; | therefore © — 5 e eee 
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* 274 * 
which ths on was a 3 54 5 the e ine 
rature to which the chains were reduced; and this 15441 We 


also add nod ect 10 mn. ane; et el 2.6629 
Hence — corrections, added 1 the DFR — — 
length, gi ne e es 6608 


Again, for the reduction of the 1 to jou tempe- 


rature of 62 we have * 3.38938; and this abtraet | 8 
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By the table, the sum of all the corrections for re- 
: ducing the several hypothenuses to the plane of the 8 
horizon is 1 02867 inches= = 0.08572 feet; and this 2.40. 


subtract „„ — 8 Se | 0.0857 


Hence these corrections taken foi the above length - — 1 


leaves that of the base in the temperature of 62% #740 81 55 | 


Being about 24 inches greater than the measurement with! the 
glass rods (17. * ; therefore 27404. 2 feet, the mean of ther two 'o recults, 
INF. be taken as the true length ol the base. | 
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* For the lengths of the chains A and B SEC the n next Article. *- 
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Mr. Ramaden's Method. of eto the aca Lei 
Cbains A and B. Pl. XVIII. 185 
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"ths These chains | were e originally compared with the brass 
points inserted in the stone coping of the wall of St. James's 
churchyard; but the temperature at the time of that comparison 
was afterwards forgotten by Mr. Ramsden. After the mensura- 
tion on Hounslow Heath was finished, the chains were again com- 
pared with those points; but the result did not prove to be satis- 
factory, as there were f̃easons for su pposing that some alteration 
had taken place in the length of the coping ; . but, independent of 
this, the great irregularities between the joints of the stones, some 
of which projected half an inch above others, rendered it at best 
a very rude and inaccurate operation. Mr. Ramsden had points 
remaining on his great plank, which had been transferred from 
the brass standard, but as the plank itself was found to be subject 
to a daily expansion and contraction, he turned his thoughts to the 
invention of some other method of measuring the lengtha of the 
chains, in a more unexceptionable manner. | 
On considering that the expansion of cast iron is is nearly the s same 

as that of the steel chain, he procured a prismatic bar of that 
metal, of 21 feet long, judging it to be the most proper material 
for the present occasion, as well as for establishing: a permanent 
standard for future comparisons of the same kind. The manner 
in which the bar was fitted up for the purpose will be readily un- 
derstood by attending to Pl. XVIII. 771 

The great plank was cut to the length of about 22 feet, and on 
one of i its narrow edges 21 brackets were fixed; each of which had 
a triangular notch to receive and support the bar, with one of its 
angles downwards, 80 that the upper surface became one of the 


faces of the prism. Beſore the brass points were inserted in this 


. 
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han Mr. Ramaden! compared his brass standard with that belong- 
ing to the Royal Society, for which purpose, on Nov. 22d, 1791, 
it was sent to their apartments in Somerset house, where, after 
the two standards had remained together about 24 hours, they 
vere found to be precisely of the same length. Brass points were 
then inserted in the upper surface of the bar, from Mr. Ramsden's 
standard, at the distance of forty inches from each other, the 

whole length of so feet being laid off on those points in the tem- 
perature of 34. 

The chains were measured in the Duke of Marlborough's riding- 
house, where the light was very convenient for the purpose, and 
the whole apparatus was sheltered from the wind and sun. The 
plank and bar were supported on five of the trestles, or tripods, 
belongi ng to the Royal Society, and the upper surface of the bar 
was brought into an horizontal plane by means of screws and a 
Spirit level. The brass points on the upper surface of the bar were 
brought into a right line, by stretching a silver wire along the top, 


and pressing the bar laterally with wedges, till all the points fell 


under the wire. Part of the chain was then placed on rollers, 

which rested on narrow slips of wood fixed on the side of the 

plank, about five inches below, and exactly parallel to the bar; 

and whilst it was fastened to an adjusting- screw near one end of 

the plank, it was s kept straight on 1 the rollers by a weight of mM 
six pounds. 

From the extremities > the 20 foet on n the edge of the bar, two 
fine wires with plummets were suspended, which were immersed 
in vessels of water, the wires hanging so as nearly to touch the 
chain. One end of the chain being then brought under its wire, 
by means of the adjusting-screw, a fine point was made on the 
chain coinciding with the other wire. This part of the chain was 
then shifted, and another 20 feet measured in the same manner; 
and the operation continued till the length of each chain was thus 

1 
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obtained at five successive measurements. The result was, that 
in the temperature of 317, in which the operation was preformed, 
the chain A was found to exceed 100 feet by o. 114 inch. and 
the chain B, by 0.058 inch. Now, according to the table page 
88, the expansion due to 1* Fahrenheit on 100 feet of cast iron is 
Of 0074 inch. and that of the chain being 0.0075, their difference 
is 0.0001, and therefore for 2*E it will be 0.00025; consequently, 
as the points were put on ae bar in the temperature of 3 54% and 
the chains measured in 51* or 2˙ less, their lengths in the tem- 


perature of 54's agreeing with 105 points on the my 1 be. 
Ee . 


AS 100 þ+ . 11425 

| B = 100 -þ 0.05825 5 | 

The comparison of the chains with each other, as ens in 

Art. 88, together with this determination of their lengths, furnish 

the data necessary for the reduction of the * on nn, 
Heath. 

The wear or B. in measuring 38 chains, FCS Lunt Art. 


88 J to. be 13 divisions of the micrometer head = 5 = 0.00673 


inch.: and the wear of A was 9- ”7 divisions = = 2 0973 | 


inch. | | 
Then, from the excess of 4 above In. 5 10. 
| 100 feet, namely, Sh ca 1 - Sc 11425, and of B nodes 
Subtract half the wear =» _ . 0.01865 7 85 8 
o. ess . 0.03489 
In. 


| 1 we e get the 3 of the chains in 5 100 + .0956, and 
1 the demperature of 54 Ag. before they. Fr 100 + 05489, the 


lengths used in the re- 
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; 95. r were found in very decayed tate, ana ie be- 
came certain, were they suffered to. remain as the termini 


termini, that 
in a few years the: points marking the ton eee 


would be lost, it became necessary to re- establish them in a more 
permanent manner. Amongst the various means which were pro- 
posed for this purpose, that of heavy iron cannon was adopted, 
having been previously sanctioned with the approbation. of Mr. 
Ramsden, and other competent judges. Two guns were therefore 
selected at Woolwich by order of the Master- general, from 
among those which had been condemned as unfit for the ane | 
service, and sent to Hampton by water.. t 
The placing eee an 6 
. delicate nature, and attended with some difficulty, on account of 
their great weight, the mode of performing it was very deliberately 
considered; and every precaution afterwards taken to render the 
| Wen unexceptionable. The method was as follows. 
Four oaken circular pickets, of g inches diameter; were driven 
into the ground, at the distance of 10 feet each from the centre of 
the pipe, two of them being in the direction of the base, and the 
. others at right angles to it. Melted lead was then run into a hol- 
low made in the head of each picket, and afterwards filed off per- 
fectly smooth. On the brass cup, belonging to the Royal Society, 
being adjusted in the pipe, silver wires were stretched- from the 
heads of the opposite pickets, and moved till their intersection 
coincided with the centre of the cup; and in this position a fine 
line was drawn on the lead of each picket, exactly under and in the 
direction of the wire: This operation being performed; and the 


L224) 


in doing wh MY it 1 necessary to make an . of about 
four feet, in Order to clear the circumference of the wheel:. It had 
been at first intended to have inserted the gun so far in the ground 
as that its muzzle should be even with the surface of the original 
pipe: but upon considering that this was a matter mot absolutely 
essential to the ascertaining of the actual length of the base by an 
future measurement, provided the axes of the guns were made to 
coincide with those of the pipes, it was determined to fix tlie can- 
F HAS digging the pit to a greater depth than that of ten 
feet. In this position, however, it was evident, that the muzzle of 
05 ae ese higher than the surface of the pickets, which 
had been put into the ground for finding the centre; which ren- 
deꝛred. it necessary to drive in and adjust ſour outer pickets, of a 
proper height, to determine the centre of the bore of the gun, by 
the intersection of another set of wires. The tops of the first set of 
pickets were therefore cleared: and the silver wires extended along 
the fine lines which had been made on the lead. A plummet was 
then suspended from above; and moved till it fell on the inter- 
section of the wires. Being fixed in this position, another set of 
wires was stretched across the tops of the four outer pickets, till 
their intersection also eoincided with the vertical wire of the plum- 
met, in wllich position, fine lines were drawn under the wires on 
the top of each of the outer pickets. The truth of the operation 
now depending on these last pickets, they were carefully guarded 
by another set which surrounded each of them, and these last were 
again bound round with rapes, to preserve the centre pickets from 
zany possible accident. These precautions being taken, and the 
pit cleared, a large stone of 24 feet square, and 15 inches deep, 
containing a circular cavity in its upper surface to receive the 
cascabel of the gun, was placed in the bottom of it, the centre of 
the hole being nearly under the intersection of the wires, as de- 
termined by a plummet. The gun was then let into the pit, and 
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brought, while resting upon the stone, into e nearly vertical, 
at which time a quantity of earth and stones 


pit sufficient to steady the gun. This being dane, dhe cross wires. 


were d over the outer pickets, and a pointed plummet 
suspended from above, having its line coinciding with the inter- 
section of the wires, was let fall into the cylinder, in which a cross 
of wood that | exactly; fitted it was placed, whose centre corres- 
ponded with that of the bore. The gun was then moved till a dot, 


marking the centre of the cross, came directly under tlie point of 


the plummet; when earth and stones were rammed round the gun; 

care being taken to force it by that operation into its proper 
position, as shown by the plummet and cross. In this manner 
the guns were fixed at the extremities of the base; and it remains 
only to be observed, that to prevent the unequal settling of the 


earth, rammed within the pit, from moving them out of their 


proper positions, four beams of wood were placed in an horizontal 
direction, having their ends rest ing against the sides of the pit and 
the gun. It may also be added, that iron caps were screwed over 
the muzzles to TY the Ne er from rain. 
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Particulars relative, to. tha, os of the. | nee a 
: #5 Operation. "Ht 185 
1105 Baring by the re- measurement of the dass on Stiles 
Heath, sufficiently determined its accuracy, it became necessary, 
upon the approach of the following spring, to form some plan 
which might enable us to commence the S with the most 
advantage. 384) | 
Of those which SC that of bcbg ene 
routlrurd: with a series of triangles seemed the most eligible, 
not only because, in the first instance, the execution of it would 
forward ene great design of the business, in an early determination 
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of e be points upon — 
junctiori of the eastern part of the series with that of the western 
of General Roy, would afford an early proof nn 
curacy had attended both operations.. 
To ascertain the truth of the General's work by verifying some 
principal distance or distances, was an object which presented 
itself, not only as interesting and curious, but / as highly necessary, 
in order to determine whether, by the result, t en- man 
stand good, and become a part of the general serie. 
In addition to this reason, there was another Which offered | 
Htaeks; and that was, the prospect of being able to obtain the length 
of a degree of longitude in an early stage of the Survey; for it had 
been suggested, and upon inquiry was found to be true, that 
Dunnose in the Isle of Wight was visible, in particular moments of 
fine weather, from Beachy Head on the coast of Sussex: but at 
the same time it was resolved, whatever preference might in future 
be given to those on the coast for this important operation, that 
at all events such observations should be made, which might deter- 
mine the distance between Shooter's Hill and Nettlebed, as situa- 
tions eligible for observing the directions of the meridians. 
Having therefore formed an outline for the operation of the 
year 1792, upon the approach of spring, we explored the country, 
over which it was intended to carry the triangles, and visited such 
stations in the series of General 1 5108 as were Judged to be pee 
for the above purpose. | 
In the choice of thise stations which were about to I pelected, 
instructions had been given by his Grace the Duke of Richmond 
to avoid towers and high buildings, as getting an instrument on 
them had, by the experience which the former operation afforded, 
been found difficult and dangerous; such of them therefore as 
were thus circumstanced were avoided, and near the most proper 


2 
ones, stations were chosen on the ground. From these directions 
the points of junction were necessarily confined to Saint Ann's 
Hill, Botley Hill, and Fairlight Down, because the pipe sunk near | 
Hundred Acre House was found to be destroyed; but this was 
considered immaterial in its consequence, as it would have been 
improper to have chosen it for a principal station, because the 
high ground near Warren Farm took off the view of Leith Hill. 

A disadvantage however, which seemed to result from this resolu- 
tion of avoiding high buildings for stations, occurred in the difficulty 
which offered itself of proceeding from Hanger Hill and St. Ann's 
Fill, with a mean distance of that side as given by General Roy; 
for the station chosen at the former place being on the ground, 
there was scarcely a possibility of erecting a staff at King's Ar- 
bour, sufficiently high to afford a view of its top from Hanger Hill: 
a quadrilateral therefore, similarly posited, could not be fixed on; 
but as a proper substitute, a station was chosen upon the elevated 
ground near Banstead, which was visible from St. Ann's Hill, 
King's Arbour, and Hanger Hill: and this, together with St. 
Ann's Hill and Hanger Hill, formed two triangles, which would 
give the distance between —_ Ann's Hill and Banstead, wag 
dent of each other. | 

Upon our return from this ct in which we had selected 
many of the principal stations, and, by examining the face of the 
country, had formed some Judgment of the future disposition of 

the triangles, preparations were made for taking the field; and 
the party which had been engaged in the measurement of the 
base, were ordered to be attached to the . eee opera- 
tion. 
Little difficulty was found in 3 upon che ies of the 
necessary apparatus. Lamps were constructed by Mr. Howard of 
Old-street, which were afterwards found to equal every thing 
which could be expected from them. Instead of the reflector 
Gg 
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being. won: to the . lamps were e in strong 
tin cases, having plates of ground glass in their fronts, which ef- 
fectually prevented the bad effects of an unequal and unsteady 
light. In the centre of the back of each case, there were straps 
and semicylinders of tin which, moving upon joints, clasped the 
staff to which in their use they were braced. Two of the lamps 
were of twelve inches diameter, and a third of twenty-two; and 
the last 'of these, prior to the use ol it i in the ensuing genon, was 
lighted on Shooter's Hill, and clearly distinguished at the distance 
of thirty miles. Copper noales of meer, sizes were | likewise 
provided for holding the white lights. 49 

During the measurement of the WE an ee Hop the 
reception of the instrument was making at the Tower, as likewise 
two carriages, to be used in conveying them from station to station. 
One was made with springs for the greater Safety of the instru- 
ment, which resting upon acushion in the Ut * nnn | 
secured from any jolting upon the road. 69 ien D1107% 
As it was easily foreseen that upon eminences, — 
certain the instrument would be placed, it would be hazardous 
to trust it in a receptacle of slight construction, great pains had 
been taken to make the observatory strong. It consisted of two 
parts, the interior one of Which, or the observatory itself, was 
eight feet in diameter, and its floor of a circular form, and from 
the sides of it eight iron pillars rose to the height of seven feet, 
which were connected at the extremities by oaken braces. The 
roof was formed of eight rafters which united at the top, having 
their ends fastened into the heads of the iron stancheons, and 
were otherwise sufficiently clamped. The sides and roof were 
each composed of four-and-twenty frames, covered with painted 
canvas, any of which could be removed at pleasure; and the whe 
was covered with a tent formed of strong materials. 

© Having thus detailed, in n a manner as * the heads 
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made in wg ag in the summer of the year 1792. 
Accbunt E tbe Improvements in u the great Theodolite. 1 


97. Mr. Ramsden has considerably improved this Waren, 
which, in other respects, is of the same dimensions ard construc- 


described. The construction of the microscopes render them very 


superior to those of that instrument; as the means by which the 
image is proportioned to the required number of revolutions of the 


micrometer- screw, and also the mode of adjusting the wires to that 
image, are much facilitated: (Art. 38.) For the first, there are 
three prongs proceeding from the cell which holds the object- 


constitutes the lower part of the microscope, are confined between 


two nuts which turn on this small tube, so that by turning the nuts 


the object-lens is moved towards, or from, the divisions on the 
circle, as occasion may require. To adjust the wires in the mi- 


crometer to the image; in the upper part of the body of the mi- 


croscope are two nuts, one sliding within the other. To the upper 
end of the interior one the micrometer is fixed; and near the 
| lower end Are three prongs similar to those above mentioned, but 
something longer. These prongs pass through slits in the exterior 


object-lens. This construction has _— ee over t 
described in Art. 388. 


To obviate the 8 'of the 1 — (p. wok vetides 


the moveable wire in the field of the microscope, there is a second 
hi may be considered as fixed, ha small motion 


682 


of such particulars as it may be necessary the public Should be | 
acquainted with, it remains only to give some account of the im- 
provements in our great theodolite, before we narrate the em ; 


„rr 
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glass; these, after passing through slits in the small tube which 


7777 2 ]˙ Ul. ] — ce r ec ge ns 
1 . HR 


tube, and are confined: between nuts, in the same manner as the 
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for its adjustment. When the instrument is! achunted, and the 
index belonging to the micrometer-screw stands at the zero on its 
circle (the moveable wire cutting one of the dots on the limb of = 
the instrument), this fixed wire must be made to bisect the next 
dot; as by this means it may be perceived at _ time, whether 
the relative position of the wire has varied. 

By graduating the limb of the instrument to every ten minutes 
instead of fifteen, we are enabled to measure with the micrometer- 
screw, not only the excess of the measured angle above any of the 
ten minutes, but also its complement to the next division on the 


eircle, and thereby to correct any small Inequality which may 
happen detween any divisions. 17 — n 


i. 1 > 


Particulars relating to the be Operations of the Year 1798. 


96. Although it might have been reasonably. supposed. that the 
angles of the triangle King's Arbour, Hampton Poorhouse, and 
St. Ann's Hill, had been observed with sufficient accuracy in 1787. 
yet that this operation might not rest on data afforded by any 
former one, it was considered as proper t. to e them unh 
our own instrument. 

By a reference to Art. zo, it wilt be found, that General Roy 
was obliged to elevate the instrument at the extremities of the 
base; for which purpose a stage of thirty-two feet high had been 
constructed. The same necessity existing with us, an application 
was made to the Royal Society for it; and in the autumn of 1791, 
that part of it t which had been 1 at r e was "I to the r 
Tower. 

The first station to which the instrument was ben this year 
was Hanger Hill, because it was found upon examination, that the 
part of the stage which had been left at Shepperton was much 

damaged, and stood in need of considerable repair. It was, how 
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ever, soon fitted for use, and a new tent for the. top having been 
provided, the half. stage was erected over the pipe at St. Ann's 
Hill, to which from Hanger Hill the instrument was conveyed. 
Here, as well as at the other stations where the stage was used, a 
plumb-line was let fall from the axis of the instrument over the 
point marking the station, being sheltered from the wind by a 
wooden trough. In the use of the half stage, the instrument was 
sufficiently steady when the wind blew moderately; but from the 
_ crazy state of the lower part, it was only by watching for moments 
particularly calm, that satisfactory observations could be * 

when the whole of it was used. 

The following observations will sufficiently ally the detail 
of this year's operations, which are given in the order of time in 
which they were made. By an examination of them it will be per- 

ceived, that most of the angles have been observed more than 
once: indeed, it was a position which we laid down upon our 
commencing this business, and which, as far as circumstances 
would admit, has since been adhered to, namely, that of observing 
the angles upon different ares. When staffs were erected, which 
was generally the case when the stations were not more remote 
than fifteen miles, the angles were repeated till their truth became 
certain, and the same was also done, when angles were determined 
by the lamps; but it sometimes happened, that only one of the 
two white lights, which were burned at the distant stations, was 
seen; in which case, if the observation appeared to be made with- 
out any error, but that which an inequality in the division of the 
instrument might be supposed to produce, it was considered as 
sufficient; otherwise fresh lights were sent to the station and ob- 
In the use of the white lights, it is conceived that sufficient 
precautions were taken, as the firing of them was always com- 
mitted to particular soldiers of the party, selected from the rest 
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on account of their capacity and. steadiness, who had. inatractions 
to place the copper nozle immediately over the point marking the 
station, by means of a plumb-line let fall from the bottom. In ob- 
serving them with the instrument, the angle was not taken till the 
light was going out. But the men commonly guarded against the 
flame being blown greatly on one side, by —_— nne to 
windward of the light. . 5 
In the use of the eee alev; tare oor Mies wo give them their 
proper direction; for when the ground about the station. wduld not 
admit of the lamp being placed immediately upon it, slender staffs 
were erected supported by braces, and made upright, by being 
plumbed in direetions at right angles to each other. Precautions 
were also used to put these staffs precisely over the points, LY 
centering the holes in the eross- boards. 

_ Fo such a part of the staff as was judged to be the most con- 
venient, the lamp was buckled, and its direction obtained by bring- 
ing a mark in the middle of it to correspond with another on the 
staff, which was determined to be opposite the station, by direct- 
ing a ruler to it from each side of the staff, and marking the places 
touched. The distance between those marks was then bisected, 
which gave the situation for the middle of the lamp. 

In a very early stage of the business it was found, that the 


produce the greatest errors; for if the canvas partitions, forming 
the sides of the obgervatory, were open to windward, streams of 
air passing unequally over the surface of it, would cause such sudden 
effects, that little depend ence could be placed on any observations 
made with the instrument in such a state. To avoid this; it was 

the constant practice when the wind blew with any degree of 
violence, to prevent the admission of it as much as possible, by 
keeping up the walls of the external tent, leaving only a sufficient 
opening for the discovery of the lamp or light; and at other times 


cw of heat and cold on the limb of the instrument were likely to 
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when the wind blew moderately, and a greater difference appeared 
in the readings of the opposite microscopes, than an error in divi- 

sion might be supposed to produce, the walls of the external tent 
were entirely thrown down, and the instrument kept in an equal 
temperature by the admission of air on all sides. 
In taking the angles, it was a general rule for some person to 
keep his eye at one of the microscopes, and bisect the dot, as the 
observer moved the limb with the finger-screw of the clamp. 
This precaution is very necessary when white lights are used, for. 
Should there be a mistake in reading off an angle, when several 
are taken from the same lamp as the permanent object, it some- 
times may prove troublesome to rectify the error, without sending 
other white lights to the stations. We found that to be the case 
at Ditchling Beacon, when only one person happened to be at the 
instrument, and a reading was set down 10” wrong. A similar 
circumstance occurred at Brightling. For these reasons, lamps 
are greatly proveradle to white lights, when the distances are not 
too great. a 

As the instrument was Sometimes found to 8 ink on 1 the axis, 

which was partly owing to wear by the constant use of it, and 
the screws of the centre work loosening a little by the shaking of 


the carriage; whenever it came to a new station, the opposite 
points were examined ; and if it was found that the. circle had 
fallen, which would be shewn by the runs of the micrometers, 8 
was raised a little, and the microscopes re-adjusted. 17 7 

At the different stations, after the observations had been 3 
large stones, from a foot and a half to two feet square, were sunk 
in the ground, generally two feet under the surface, having a hole 
of an inch square made in each of them, whose centre was the 
precise point 9 the station. | 
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. 1814.5 175 75 


Rook" 0 ; Hill and Dunnose 8 8 30 21 58 
Rook's Hill and Motteston Down = 4 } 8 


Rook's Hill and Higbelere 4/68 55 55 3576 
Rook's Hill and Dean Hill = 5836 34 i — . 
At Chanctbubery Ring. | 
7 Rocks Hill and Leith Hill ,- 1] gi 23 25 Js 
15 25.25 
Rook's Hill and Hind Head - - 47 12 87 * 
eee e da 
Hind Head and Leith Hill - — 45 10/46 


Rook's Hill and Ditchling Beacon — 179 8 4 1 6 : 


Further Particulars respecting the Operations of tbe Year 1792. 


100. Excepting the stations Nine Barrow Down, Black Down, 
Wingreen, Long Knoll near Maiden Bradley, Beacon Hill, Inkpin 
Beacon, with those about the base of verification, all the stations 
which constitute the series hereafter given, were selected this year. 

From an opinion which we entertain, that triangles, whose 
sides are from 12 to about 18 miles in length, are preferable for 
the general purposes of a survey, to those of greater dimensions, 
we have endeavoured to select such stations as might constitute a 
series of that description. In those which were chosen to the east-, 
Ye of — Heath, Hind Head, and Butser r Hill, we have i in 
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some degree succeeded; but, from local circumstances, we have 
not been equally fortunate with those to the westward. Instead of 
Dean Hill, it was hoped that the ground upon which Farley Monu- 
ment stands, might have suited our purpose; but the wood to the 
west of the hill was found. to be 80 high, that even with the whole 
stage, the instrument would not be sufficiently elevated. There re- 
mained, therefore, no other expedient but fixing upon Dean Hill, 
| which is the highest spot near Farley Monument. It must be also 

observed, that Highdlere i is the only situation which affords the 
means of carrying on the triangles from the side ene Heath 
and Hind Head, without forming a quadrilateral. 128-11 

When the instrument was at-Shooter's Hill, a taff was erected 
on Blackheath; for the purpose of enabling us to determine the di- 
rection of the meridian with respect to Nettlebed. This, however 
was not done, the weather proving too unfavourable ; ; but as 
some of the stations were referred to this staff, it may be proper 


to observe, that on account of its being so near Shooter's Hill, a 


small portfire was placed in a groove cut in it, which afforded the 
means of taking an angle ey exactly, as the light had the 1 
pearance of a bright point. 

The interior stations which were selected for the use of the 
small instrument, were Bow Hill, near Rook's Hill; Portsdown 
Common, on the road to Portsmouth; and Sleep Down, near 
Steyning. To the first and last of these the instrument was taken, 
for the purpose of fixing such objects as could not be intersected 
from the principal station. The points on the coast were particu 
larly wanted, for the construction of some maps which were 
making for the use of the Board of Ordnance. Those places 
80 fixed will be given hereafter ; but it must be observed, that few 
opportunities were lost of Searching for church towers, and other 
objects whoxe situations were to be determined. That the bearings 
of chose might be taken with precision, the observations were 
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made Ahe in the morning or evening, when: the air was free 
from vapour; and without that quivering motion, which, in sum 
GA ne has in the middle of ht Speer ff ativ 31 Hir ua 
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iT **< ** *£ } 15 A ee * ” x - » — „ 3 6 , 
j E 0 a . 4 . 2 1 9 I 8 2 
2 IL & 5 A 8 2 * i 11 =# 1 L * * - * 1 4 4 . . RF 


(23 GG; o ad — * — 0 


e in the Aris of the bent Beal; ; and the nge, 
! | of the Survey i in the, eat” 1793. aaa - pate 
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101 I ee 5 th conclusion of ths. last year's operations ch 

was found that the axis of the instrument, by the frequent use of 
it, was considerably worn, and w. hich Was, per haps, increased by 
the motion of the carriage, as the arch could not be clamped with 
tightness sufficient to prevent the. circle from moving within 
the limits of the bell- metal arms, and the upright part of the tra- 
velling case. The consequence was, that it sometimes became 
necessary to let the circle lower by means of the screws, and as 


tit was found to be exceedingly difficult to turn them equally, and 


by a quantity which was just sufficient, an application was made 
to Mr. Ramsden to apply something to the axis, which might 
enable us to adjust the circle with greater ease and aceuracy. Ac- | 
cordingly, upon the party arriving in town, the instrument was 
taken to his house, and left there for ug vinter, ae ur he 
made the desired alteration. 
The progress made in the a * the Jane. season, 1 
mined the extent of the business for this year: and it was then 
imagined, that with good weather, we might be enabled to Join 
the Grit to. the Sen with those of General n and 1 


wining the directions of - 3 It had ale 3 amen, 
that it would, soon become necessary to select some spot for the 
measurement c of a new base, not only to verif +" the triangles remote 
n Hounslow Heath, but ikewiee to PUT fig sides of those 


TY 
which might be-berenfter-projected for the survey of the West of 
England. The situatiou which we had locked forward to, as being 

the onby one Which gvould afford a base line of sufficient extent, 

was Sedgemoor in Somersetshire, not having then imagined that 
en e * found fat for the nme east ward of 
that situation! e S loi eo: SH of butt 2d gon 
„Aster — deliberatirig upontthe · steps to be taken for this 
necessary business, we. were of opinion, that Sedgemoor, was 
rather too far Westward for a base, which was intended to be 
applied as a test to theꝭ sides of the: great triangles now con- 
stituted. Inquiry was therefore made after a spot which might 
bel less exbeptionable q and as information: was. obtained that 
Longham Common; near Poole in Dorsetshire, was likely to af - 
ford such a base, w'e examined it in the January of this year; but 
not finding it fit for the purpose, we prbceeded to Salisbury Plain, 
where we found that a base line of nearly seven miles might be 
measured without much difficulty, between Beacon Hill, near 

Amesbury, and the Castle of Old Sarum. With respect to the 

nature of the ground, as any observations concerning it will be 

introduced with more advantage when we treat of the particulars 
of the measurement, it will be only necessary to observe, that 
prior to determining upon the possibility of measuring it with 
the necessary accuracy, we considered of the errors which would 
be likely to creep in from the many hypothenuses which the base 
would consist of, and from other circumstances when 1 7 ae 

from its inequality might be supposed to produce. ien 
As the principal object of this year's business was, to bs 
the directions of the ineridians, the party left London for the Isle 
of Wight early in the month of March, that it might arrive at 

Dunnose in proper time for making the required observations. 

The instrument, however, was firbt taken to Motteston Down, for 

che purpose of intersecting many places whose bearings had been 


— 


on the spot, it was considered as proper that some observations 
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last year ER when the Wasen we wf ebe Hil ane which 
were now wanted by the surveyors of the Ordnance: This station 
had been selected for that purpose, and! was never intended to be- 
come a principal one in the series; but when the instrument was 


should be made to the stations which were at that time chosen. 
For this reason, when the time for observing the star approached, 


and most of the lights had been fired without our having seen them, 


it was not considered of consequence to remain there 1 —_— 
and the instrument was therefore taken to Dunnose. a 
A small staff, of about three inches diameter, was n on 


Braing Down, which is about six miles from the station, for the 


purpose of referring the star to it; a small lamp of six inches dia- 
meter, constructed upon the same plan as the large ones, being 


when made use of, buckled to the bottom of the staff. 


As the best method of obtaining the direction of the meridian, 
is bas obgerving the star upon each side of the pole, whence the 
double azimuth is nearly obtained without any correction for the 
star's apparent motions, every opportunity was watched, of ob- 
serving it at the times of its greatest apparent eastern and western 


elongations. But in the unsettled season of the month of April, 


when almost every wind brought a fog over the station, many 
days elapsed without our seeing either the star or staff; and n 


was on that account we continued so long at Dunnose. 


As the truth of the deductions must entirely depend on the 


accurate determination of the directions of the meridians, the 


greatest care was taken in making the observations. An hour, 
and generally more, beſore the star came to its greatest elongation, 
the observers repaired to the tent for the purpose of getting the 
instrument ready. The method of adjusting it, was first by level- 


ling it in the common way with the spirit level which hangs on 
the brass pins; and afterwards, by that which applies to the axis 


| rel . 
of the transit. The eriterion which determined the instrument 
to be properly adjusted, was the bubble of the latter level remain- 
ing immoveable Weite its nenn while ** ai was turned 
round the axis. 

As the star, four minutes aer de or after! its let ay 
gation, moves only about a second in azimuth, the time was shown 
sufficiently near, by a good pocket watch, which was regulated as 
often as opportunities offered. When the star was supposed to be 
at its greatest elongation, the observer, if at night, brought it upon 
the cross wires, and bisected it, leaving equal portions of light on 
each side of the cross: but if it was in the day, when the star 
appeared like a point, the telescope was moved in the vertical till 
it came near the vanishing point of the cross. At either of these 
times, when the observer was satisfied of the star being properly 
bisected, or brought into the vanishing point formed by the wires, 
another person who had kept his eye at the microscope, bisected 
the dot. The transit was then taken off, and the instrument being 
turned half round, and the telescope replaced, the star was ob- 
served again. This precaution was taken to obviate the errors 
which might arise, from the arms of the instrument being out of 
the parallel with the plane of the circle, owing to any imperfec- 
tions in the positions of the Ys, on which the transit rested. It 
was, however, seldom found, that a greater difference subsisted 
between the readings of the opposite microscopes, than what 
mi ight be supposed to be the consequence of a shake in the centre, 


or errors in division. A mean of the readings was always taken. 


It must be also mentioned, that out of twenty, three and four inch 
white lights, which were fired at Beachy Head, only three of them 
were seen: but the angle between that place and the staff on 
Brading Down was considered, from the near agreement in the 
observations, to be determined with the necessary accuracy. 
After the business was finished at Dunnose, the instrument Was 
8 11 : 
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taken to Chanctonbury Ring, and Ditchling "IRE and from. 
the latter place to Beachy Head, in order to observe the direction 
of the meridian; but after placing a staff upon the high ground 
above Jevington, we were obliged to defer the attempt, as it was 
found, that owing to the effects of heat, the air was not sufficiently 
steady for the staff to be seen distinctly, when the star came to 
its greatest elongation i in the day time, if the sun shone out. We 
therefore left Beachy Head, and proceeded to the followin g 8ta- 
tions, vix. Fairlight Down, Brightling, Crowborough Beacon, and 
Botley Hill; from which latter place we returned in June to Beachy 
Head, and observed the direction of the meridian. . 

From this station, the party went to Dean Hill, and thence to ö 
Salisbury Plain, for the purpose of fixing on the extremities of the 
new base. This being done, the instrument was taken to Old 
Sarum, Four Mile Stone, Beacon Hill, Thorney Down, and High- 
clere, where the operations of this year terminated. But it must 
be observed, that owing to a strain which the clamp of the in- 
strument sustained when at-Thorney Down, no dependance could 
be placed on the observations which were made at Highelere. 
pon this being discovered, and the season too far advanced to 
permit of any business being done after the instrument might be 
ee the party returned to London. 


Angles taken in the Year 179g. 


102. At Motteston Down. 
Between : 3 | 5 | We S000 Þ Mean. 


Nine Barrow Down and Dunnose 7 209 51 ph Fla 5 }8: 75 


Butser Hill and Dunnoss = — = 64 2 . 
Rook a Hill and Dunnossee 44 57 46 dubious. 
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Between . 
Dean Bl and Briding staff 


Motteston Down and Brading staff — 
Nine en Down and Ry staff 


Butser Hill arid Brading staff 
Rook 8 Hill and Brading staff 2 


5 Chanctonbury Ring and Brading stalf 
Beachy Head and n.. staff 


Poles star and Brading staff, Apr. 21, aftern. 
| 22, aftern. 
28, aftern. 

29, morn. 


12, aftern. 


13, morn. 


At a dingatho 


94 49 19 
109 11 oy } 5-75 


015 giz. 
24 26 8 393 


ix. 60 * 


60 42 40 
4 42 15 


42.25 
24 4 21 25 


24 4 22 
24 4 23 
*- 18 $4.0 
May 5, aftern. 


24 4 27.25 


; 5 S 8... 
18 23 53-25 


At Chanctonbury Ring. 


Beachy Head and Shoreham staff 
| Dunnose and Shoreham staff 1 
| Rook's Hill and Shoreham staff 2 os 


"a8 At Ditchling Besen. 
Beachy Head and Lewes staff 
Crowborough Beacon and Lewes staff 
Leith Hill and Lewes staff 


112 


135 27 155) 5 


nou) 


98 9 48.76 J % 
7546 


125 10 2:25 


20⁰ 52 0.73 


57 8 36 
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Between | 5 3 Ss EEE Mean, 

Brightling and Lewes staff — 235 40 18.25 

ae e Ring and Lewes staff . 1. 81 | 

| | e 20. 85. 2 

At Fairlight Daw. N | | 

pightling and Beachy Head G Hi gail 59 33 hf: *}i 1.75 
At Brightling- 


| zun Down and Beachy Head . we 15 80 44 17.5 12 19 25 


Crowborough Beacon and Beachy Head 102 58 14 


7 }'55 
Ditchling and Beachy Head - 59 29 13.5 } 14 
1 14g * © 


At Crowborough Beacon. 
Brightling and Leith Hill - 168 27 2 5 12 21.23 


Brightling and Ditchling 1 — 105 2 43 


44.75 44 
c Brightling and Botley Hill 78 145 20 = 
At Botley Hill. 2 

Banstead and Wrotham Hil =—- 1533 57 2.5 | on 

Banstead and Shooter's Hill a, 85 39 2 3 
Banstead and Crowborough Beacon 129 23 3.5 
| Crowborou gh Beacon and Leith Hill N 35 1 

| At Beachy Head. 


 Brightling and Jevington staff pi i 46 59 => 1 
. 34.757 4 


C. 2 1 


Between 
Fairli ight Down and Jevington an 


Rook's Hill and Jevington "ES 
9 Ring and Jevington Staff 


Dunnose and Jevington 8 


Ditchling Beacon and Brightling | — 


pole ater and J evingtonstaf, Jul. 15 at ni nicht 
16 night 
26 morn. 


30 night 


Fae.” +1. night 
FEES EE FF 
e 3 morn. 
A ak ate. "EZ WJ 
c * 11 night 

At. Dean Hill. 

Beacon Hill and Highdlere- 70 


Beacon Hill and Wingreen. - —_— 


Beacor Hill and Dunnose OY 5 
| Beacon Hill and Nine Barrow Down. 


Beacon Hill and Motteston Dawn 


Many observations of the star at this station, and also at Dunnose, are rejected 


Aug. 1 morn. 
30 19 49:5 


o # M1 


14 


48 39 59 


40 57 21 Jos 
YG 


69 26 31.25) 


52 . 
352 f on 
53.25) 


73 58 } 26.5; 


30 19 WY; 
30 19 57-5. 
24 38 19 
30 19 50.5 
24 38 20.25. 


30 19 50.25 . 
24 38 23.5 


30 19 47.25 


160 46 8.5 
134 23 32:25 32.5 


32.75 


174 34. 50.5 FI 


on account of their being made under unfavourable circumstances. 


Between 3 
Beacon Hill and Four Mile Stone O62, $9 2077 


5 
200 Hill and Hutser Hill E 


At Old Saru. 


- Beacon Hill and Four Mile Stone 85 38 21.51 


5 „ 28-75) 
Beacon Hill and Thorney DW nm 18 26 


* 


5 + 1 85 4 
At Four Mile Stone. 
Bauen Hill and Oid Sarum 


[Roos 70 1 45-7 
. 


- 72 4 405 
2025046 


Beacon Hill and Dean Hill 1 5 


At 1 Hill 


Old Sarum and Four Mile Stone 4 59 50% „ 


82. 25 51.75 
33 33 23.75 
. . Jer 
Dean Hill and Four Mile Stone 68 6 8 1 


Old Sarum and Thorney Down 


10.25 
11 


1102 46 23. 5 


—— 1 19.75 
A ie I 3 38 1378} 1645 


Dean Hill and Highelere 
Thorney Down and Highclere 


L 249. 


At Thorney Down. 


Between | | 33 F | 7 Mean. 
lt 80 Hill — Highgters S' | 33 22. 5 5 } 25 2g. 25 
; Beacon Hil and wie 1 . = 4945) 4 
SE At Highclere. 8 
5 Dean Hill and Beacon Hill — i 
5 wa 


Particulars relating to the Operations of the Year 1794. 


1 


10g. The party this year took the field the fourth of March, 1 
and proceeded from London to the Isle of Purbeck, taki ng Butser 
Hill in its way. In the observations of the year 1798, the angle 
at that station, between Rook's Hill and Dean Hill, is noted to be 
dubious. The reason which induced us to be of that opinion was, 
that the telescope, by some accident, was thought to have been 
moved after the observation of the light, and just at the time when 
the angle was about to be read off. As the season was then far 
advanced, and four lights had been fired, without our havin & Seen 
more than one of them, it was determined to leave the final ob- 
servation of that angle till this year. Accordingly upon our arrival 
at Butser Hill this second time, a lamp was sent to each of the 
stations, and the angle repeatedly taken, as given in the following 
article. The party from thence proceeded to Nine Barrow Down | 
in the Island of Purbeck. . 3 

The reason of the business commencing 80 o early in the season, 
arose from the necessity of beginning the measurement of the 
base on Salisbury Plain, towards the latter end of June, that it 
might be finished before the year should be far advanced, when 
the cultivated | ground a mile to the northward of Old Sarum would 
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be ploughed. It was 305 necessary that the angles s at Wingreen 
and Highcelere should be observet. ss 

On account of the magnitude of the ah and 27th; trinng 8, 
the instrument was kept at the station in the Island of Purbeck 
till the angles between Dean Hill and the stations in thie Isle of 
Wight were determined very accurately. It was, therefore, not 
till a month after the two first lights were fired, that as l ob- 


* 
MY 4 


servations were made as we deemed to be sufficient. el 
As it will answer our purpose better, to give an account of the 
stations which were chosen this year, for the further prosecution 
of the Survey, in another part of this Work; it remains only to be 
observed, that from Nine Barrow Down the instrument was taken 
to Black Down near Dorchester, and then cet to > Wingreen,! Hig gh- 
clere, and Beacon Hill; the observations Which were made thi 
year being concluded at the latter place in the beginning of June. 
It may, however, be mentioned, that in addition to the interior 
stations chosen i in the year 1792, for the future use of the small 
instrument, three others were Selected i in this and the preceding 
season, namely, Namsden Hill, near . ;  Thorness ip 


o 
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the Isle of Wight; and Stockbridge Hill. ng 


| Angles taken i in the Ye ear 1794. 
Ts. At Butser Hill. 32 1 


* * x: # wh „ * 
, NN * % 42 „„ FL, K 4 & So. SN 3 > >. * 


Rook's Hill and Dean Hill 1 66 34, 19. 75 9 75 
| : 20.5 20 
1 LE 
er ert At Nine Barrow Down. 8 
Dean Hill and wing "ory 2 9 34 27: 75) 3 
17 5 | 25 25 28.75 
Dean Hill and Motteston Down 56 9 55 © 35 55-96 | 


: ans 3568 


Between N OR | 0 es ” Mean, 


SF *, 

Dean Hill and: Dunnose _ | 3 | 61 57 20. 75 5 F 1 
de N . 20 20 
VERS Oh 5 h " 0 # 

Lulworth and Bull Barrow — 52 47 3 32 25 3 


Dean Hill and Bull Barrow = 7¹ʃ031 4501 
Vo 56.5 


8 ˙8 oe 5 * . wail 52 rr; J 
Black Down and Bull Barrow = 50. 15 19 


| 1 19 5 15 193 
= x „ * 
* 2 ** * 4 1 123 8 RY 
, 


rm. 


. At Black Down. 
Charton Common and ee — 125 oy 33. 25 }-35 23 
7 vo — Hon vel ' 83-25 1 £904 
Bull 1 Barons OT Nine Barrow 3 - 36 go 18.2 

INT, 9 19.5 


Bull Barrow and Ladworth- SH 122265: G5 40 5 1. 

Ne BID: 

Lulworth and station above } 
Chesil, in Portland 


08 On. 21 
Lula: and station near r] WWW 
| ch gee _—_ House 


8 if * 4 
| 1 LBS > 51,7 
81 1 : 4 ws ” 75 * - F & " k x Fs, — 4 5 - 5 5 - n 
7 : : v4 SSI +> Das : 
S406 33 13 3 ö 5 . 


* 0 «0 F F f a 


E . 33.25 
e TY en 
Pilsdei Mil and C ³A 5 66 LY 19.25 


320 ® F — 2 — | 


S 689808 : | | | 21 121.75 
e 8: he ON OT OS 
Kk 


* 


C945 7 


Between 
Nine and Bull Baro 


| At Wingreen. | 
Beacon Hill and Dean Hil e 3⁰ 13 WM: 1 
1 | 23 


22 
IA PO 23-5 
Doi Hill and Nine Barrow Down _ 88 58 45:25) 485 
Dean Hill and Bull Barrow 443 28 21 
> | SS Ds | | 22 
e 
i 25.23) 


Bull Barrow and Bradley Knoll 8 
57 


37.75 


At . = | . 
Butzer Ein and Dean Hill e 8s 
35 


Dean Hil and Beacon Hill 1 þ 1 1 


dome Down and Beacon Hil COS. 12 59 ah aw" 


9-25. 

Beacon Fl and 3 Beacon — - 56 o 39 f 

„ | $045 [9975 
go 


7 : 


9 oP | 
Beacon: Hil and White Horse un near 18 
3 15 5 1 J 
. Ow 21 N 
Nuffield and Bagahot Heath 5 46 10 17 3 } 18 5 
: 3 b ee e ee 
Bagehot Heath and Hind Head = 34 46 14.75) * 
e 11 85 bn . lien 
Butser Hill and Hind Head 29 12 22 
, =p . 22. gf 22 
At Beacon Hill. 
Dean Hill and Wingreen. 6 — 0 49 fre]. 3 
Bet e e 
Wingreen and Bradley Knoll = 332 11 4475 
LE Ry . | 34 5 5 
Inkpin Beacon and Dean Hill = 120 28 2.233 


Devizes). © - 
8 


Wingreen and Ph Ann's {FR COMA} on 106 97 9 E. | 
7 
Situati ons of the Stations. 


195. . Hanger Hill. The station an this Hill is in the field to 
the eastward of the Tower, and within 1g feet of the eastern 


hedge. The Tower bears due west of the station. | 

_  Shooter's Hill. The station is in the . corner of th 

field, opposite to the Bull Tavern. | 

| Banstead. The station is in a field belonging to Warren How, 

near the road leading to Ryegate. It is | 14 feet north of the 
Kk 2 
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hedge, and may be easily Wal. as Leith Hill and an opening 
between two rows ol trees on Banstead Common, alin . pk | 
witk the station. - . 7 

Leith Hil in Surrey. The station is 32 feet Ty the pings 
corner of the Tower, and in that direction from Me 

' Crowborough Beacon, Sussex. The station is. about, 600 feet due 
South of the spot on which the beacon was formerly erected. 

Brigbtling, Sussex. The station is about 70 feet south-west | 
of the- gate * to >the field in "_—_— stande 2 
Windmill. 

Beacby Head. Twelve yards sou th-west of the Si dul bes se. 
The muzzle of the gun is above the surface of the ground. 

Ditchling Beacun, Sussex. The station is in the middle of a 
small ring. which has the e, of Jing once Boney. a 
r — Ion Fehn biz 0s: 

Cbanctonbury Ring, Sussex This place is near Steyning; and 
the station is sĩtuated 50 feet from the ditch on the west ide of 
the Ring. - 2 027 LH io, biis fo) ratl re 
|  Rook's Eil, near 8 n The station is east tof the 

Trundle, and near it. 

Butser Hill, Hampshire. There is no precise way of pointing 
out the spot on which the instru ment was placed : the general 
situation of it, however, may be known: it is on the middle of the 
hill, which is itself near, and to. the northward of the nn, 
Mile-stone on the Portsmouth road. 

Dunnose, Isle of Wight. The station is 87 feet northward of 
Shanklin Beacon Pole: the mile of. TOP Sun is above the Surface 
of the ground. FO e ail od 49907] 403400 

- Motteston Down, lele of Wight The station is on ; the west 


» 


Barrow. 
Nine Barrow: 3 Isle bf. — Th ho station is on x the 
— N Barrows. Noe best bevs i 1 


P 
Black Dom in Dorsetsbire:i The station is 23 feet west of the 
der Barrow. Black Down is six miles from: Mobs and 
near the village of Winterbourn. 25 1715 


Bull. Barroui Hill, near Milton Abbey in x Dorvtotire. The 
Station OE ON ei. Nat Serge 213, ni nevig 216 ig 


4 


& Shaf tesbury, and the station is about f Bo fot © vouth-weat 6 of the 
n or clump of trees. „dog T3 
Beacon Hill, about two * from nAeebuby;) near the Adder 
road; 8 ee NS 1 he n. of the dogs is 8 or 9 ay" above 
the ground. 25423 o net SPED Yi * * 
Old Sarum. The station is 8 of the Two M Ale nene 


and near it. The muzzle of the gun is 7 or 8 inches above the 
bz Nr n ; 8 15 
Four Mi e Wiltshire. The station is i in 1807 field” west t of 
the Four Mile-stone on the Devizes road [leading from Salisbury, 
It i is on the rising which is in the middle of the field. 

© Thorney Down, Wiltshire. The Down is near Winterbourn, 
and the station to the north of the wood. 

-Dean Hil , Hampshire. This place is near the village of Dean, 
and about 6 miles east of Salisbury: the station is in the north. 
west corner of a field belonging to Mr. Haliday. 1 8 
Intpin Beacon, Wiltshire. This place is 1070 | 42 village of 
Inkpin, and the station is in the centre of the small field circum- 
scribed by a ditch and parapet of an ancient fortification. 5 

 Higbclere, Wiltshire. The station is in the centre of the Ring 
on Beacon Hill, about half a mile south-east of Highelere. oh 

© Bagshot Heatb. The station is on the brow of an eminence two 
miles north of the Golden Farmer, and d directly \ west of the north 
corner of Bagshot R 


Hind Head, Surrey. The s station i is near r the Gibbet, weng about 


- 


particulars given in this performance, by forming more correct 


and who cor 


£9863 
The situations of those stations Mhich ale common to This 
operation and that of General An are ee, nn 


being done in Art. 35. off, e 
As it is probable that some individual wil avail himself ol the 


maps of the counties over which the triangles. have been carried. 
sequently may wish to visit certain of the stations, it 
is proper to observe, that small stakes are placed over the stones 
sunk in the ground, having their tops projecting a little above 
it. For some years there will be little difficulty in finding the 


; dation, as the 0. are well known to the eee inha- 
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Measurement of the Base of Verification. on Salisbury Plain with a an 


Hundred Feet Steel Chain, i in the Summer of the * ear 1794. 


inen, provided for the Meavurement, U the Method 1 using 
particular Articles of 2. een 


106. The apparatus with which this base was eee. e 
at Beacon Hill the 25th of J une, and consisted of the two steel 
chains, the trestles belonging to the Royal Society, and the 
coffers which were used on Hounslow Heath, together with, the 
pickets, iron-heads, and. a few other articles, which in the begin- 
ning of this year had been made at the Tower. As it was foreseen 
that the truth of this measurement would, in a great degree, de- 
pend on the accurate reduction of the several hypothenuses to the 


plane of the horizon, an application was made to Mr. Ramsden in 


the foregoing winter, to consider of some means by, which their 


inclinations might be obtained. He therefore applied an arch S to 


the side of the transit telescope, as exhibited. in PE XVII. which 
he divided into half degrees; and opposite to this he n 4 


1 mir 


which, and the micrometer of f the dene an an angle could be 
Obe et conterietcdy ortunit "_ ee of tis PO 
ratus, we determined the value of any number of revolutions of the 
micrometer-screw in parts of a degree, by the following method. 
At the distance of an hundred feet from the transit, a picket 
was set up, on which a dot was made with chalk, and the instru- 
ment being adjusted, was moved by the finger- screw till the edge 
of the micrometer· wire touched some prominent part of that mark. 
The wire in the focus of the mieroscope was then made to bisect a 
dot upon the arch, and the telescope moved in the vertical till the 
next dot was bisected, by which the instrument had described half 
a degree upon its axis, and the micrometer- wire was afterwards 
moved till it touched the same part of the chatk mark, the revolu - 
tions being counted, which were consequently equal to thirty 
minutes. This operation was repeatedly tried, with a picket 
placed from one to six hundred feet successively from the tele- 
scope, the runs of the micrometer-screw being in each case nearly 
the same, as indeed they ought to be according to theory. 5 
The number of revolutions ee to "oe was pram from a mean 
of those trials, to be 12795. | 
Having determined this, OO kde: Ka and B were — 
with each other, when they were found to have the same differ- 
ende of lengths as when measured by Mr. Ranisdem, -Þ" 
For the purpose of traeing out the line of the base, as nnd 
Hilb had a commanding view of almost the whole of it, the instru- 
ment was kept in the tent after the observations were finiched : | 
and at different times, when the air was sufficiently steady for the 
purpose, many points in che true direction were found by disecting 
the 8tafferected at Old Sarum, and moving the transit in the ver- 
tical; whilsea person — a — in tre proper bitustion 


[#8] 
; on the ground, by means oo RT which were made at bee, 


| Hill. 8" lis 39053511 Bd 10 18 ritt Of tris tf 
. it Lappe e W this spot was first selected for the alas: 
ment, that in the-course:of it there would be frequent nẽcessity for 
| changing the directions of the hypothenuses, a brass bar, of a 
prismatic form, had been provided, by means of which, and a 
plumb-ine, a new direction Was easily taken. The n of 
using them Was as follows. gn tob 5 Haid fo qu D 2 
A picket was driven into the oi close to the: handle of this 
. having its top eight or ten inches above the place where the 
preceding hypothenuse was to terminate, one of the register- 
heads, with the bar, being screwed don it the chain was tlen 
stretched, and the silverwire, or plumb · line, made to pass through 
the handle, whilst the slider was moved till the wire came upon 
the dart, marking by this means, the termination of the liypothe- 
nuse. In order, however, to give a more perfect idea of this 
matter, a figure is given in Pl. XIX. where B is the bar, with the 
wire falling through the handle of the chain, one half of it being 
left out, for the "_—_ of AY its coincidence with os arrow 
on the handle. of Atti boo gd OL. mano 791 CN Hb 
The experience ate we. Hail in in W che measurement 'of 
the base on Hounslow Heath, led us to discover, that some of the 
methods we made use of to: execute particular parts of it, might 
have been improved. One of them was, the means by which the 
heads of the pickets were placed in the plane of the base, which 
frequently was the cause of the planes of the register heads being 
out of the direction of the hypothenuses. / In this operation, how- 
ever, the bottoms, as well as the tops of them, were placed in the 
true vertical by / means of the transit - instrument: and therefore it 
was not difficult to bring the planes of their tops into the —— 
positiom w 15 8 of bas HHH blO 3s S101 ge 91 
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- well as an inotrnineit> for: kde 06 elevation n 
sion, Mr. Ramsden provided two mahogany boards, one of which 
was fastened to the register-head, and the other (furnished with 

levelling screws) rested 1 _ the transit · instrument e 
placed on the latter. tt 

Ihe level W to the transit was . We on the arms; 
and if the axis proved to be horizontal, which it would be if the 
brass heads were rightly placed, the instrument required no farther 

adjustment; but if that did not prove to be the case, the axis was 

made parallel to the horizon by the screws of the levelling- board, 
which were turned in contrary directions, having in the first in- 
stance been worked till within half the limits of their adjustment. 

By this means the axis was Rog” at a constant height from the 

brass headſs. 

A bam with: a cross te whose upper W the bottom 
of it was equal to the distance of the axis of the instrument from 
the head of the picket, was placed on another picket which had 
pPeen driven till its head was at a convenient height in the plane of 
the base, and the transit moved in the vertical till the edge of the 
wire in the centre of the glass, coincided with that of the cross 
piece. The rest of the pickets in that hypothenuse were then 
driven into the ground, till their tops were in the same right line, 
as discovered by the application of this board to their heads. 
The method of determining the angles which the measured 
Has made with the plane of the horizon was as follows. = 
After the hypothenuse was measured, the transit-instrument 
with its boards were placed on the picket, and the levelling-screws 
moved as before described, if the axis did mat happen to be hori- 
z0ntal. The cross board, upon Which a black line was drawn, 

Whose breadth was about twice the apparent thickness of the mi- 

crometer-wire, and its distance from the bottom of it equal to that 

of the axis of the instrument from the — Was. — 
| 8 . N | 


o I . * 
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n n another picket in the hypothenuse, having the brass head which 
had been before fixed on it still remaining. The" telescope was 
then made horizontal, the index of the micrometer being placed to 
the zero on its circle, and the wire of the microscope set to bisect - 
S-:5 dot on the arch which was nearest to the centre of the field. 
After this, the telescope was moved in the vertical by the finger- 
screw, till another dot was bisected, at the same time that the line 
upon the cross board appeared in the glass, by which the angle 
that the instrument had described on its axis, was measured in half 
degrees. The remaining part of the angle, or rather the fractional 
part of an half degree, was measured with the mierometer, the wire 
of which was brought from the centre of the glass to bisect the 
black line, and was either added to, or subtracted from, the former | 
quantity, as the angle described by the telescope fell short of, or 
exceeded, that ps TON) the ho iran and the plane of the 
horizon. FTIR 
Buy this method, all the ih of dlovation and + agree were 
vhs And we consider it as probable that they are within a 
quarter of a minute of the truth; since the instrument was capable 
of being used with great accuracy, the arch having been divided 
by one of Mr-Ramsden's best workmen, and the value of one, or 
I any number of revolutions of the micrometer-screw, had been 
: accurately obtained. If, therefore, any considerable errors have 
i, taken place in this part of the operation, they must have arisen 
5 7 from the axis of the transit-instrument and the line on the: cross 
5 board not being of the same height from the brass heads on which 
they were placed: but we think there is almost a certainty that 
this difference was confined to such limits as will. not introduce 
. 2 errors of consequence; for even supposing the register- heads 
| were placed on the pickets so unskilfully that it became necessary 
to turn the screws on the levelling- board as much as they were 
ca able of, whilst the third remained unmoved, in order to adjust 
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55 the transit, the error . on that account. would bs al 
half a minute, even though the hypothenuse should consist of but 
one chain, and be inclined to the horizon eight degrees. We 
therefore think ourselves justified in the opinion which we enter- 
| tain of these angles being determined with sufficient accuracy; 

since, if an error of one minute had taken place i in the inclination 

of each hy pothenuse, and those errors lay all one way, the length of 

the base, as hereafter given, would only be varied three inches by 
that circumstance, _ 

It may, perhaps, be imagined that some mal errors Fe arisen 
from the handle of the chain not lying flat upon the brass heads | 
when the new directions have been commenced. To obviate this, 
precautions were always taken to drive the pickets at the termi- 
nation of the hypothenuses i in such a manner, that the arrow oon 
the handle could be made to coincide with one of the divisions near 
the end of the brass scale, by which any error arising from their 
not being exactly in the same vertical plane, was rendered 80 
ling as not to be worth notice. - 

Having now related, with as much conciseness as the ubject 
will admit, the methods which were adopted for the execution of 
the most essential parts of this operation, there remain only a few _ 
; other particulars to be related before we gue the reduction of the 
- After as many points as were 3 aces had 15 fixed 
in the true direction, by the means heretofore described, and the 
chains compared with each other, the mensuration was begun, and 

continued without much interruption for seven weeks, when it was 

finished with that part of the h e chain which terminated its 

apparent lengtn. | 

Ihe method taken to mark this las ator 1 was by 

ing a small hole in the bottom of the coffer, through which a 

plumb-line was made to Pass. the point of the planet being 
= * — 
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WE woah © over the an of the base, and the chain even till it 
touched the wire; a Might: WRIT "was then made with a wy at 
the point of contact. 11 en „ x E 37 | 

On the first favourable opportunity, teen to this Coder 
sion of the measurement, the chains A and B were compared with 
each other, when it was found that the wear of the former, by the 

constant use of it, was only one division of the micrometer head, 

or 35 th of an inch. The smallness of this quantity in the mea- 
surement of a base of such great length, was doubtless owing to 

the pivots, and pivot; holes of the joints being smoothed, and as 
3 were polished, in the operation on Hounslow Heath; and it 
may also be adduced as some proof, that the joints had not rusted 
while the chains remained in the Tower; but to prevent this, care 
had been taken to deposite them in a oy inns Thing afterwards 
frequently examined and oiled. . 

Thus concluded the measurement of this base, in dn it is 
eertain that great pains were taken to produee an accurate result; 
and we are not without hopes, that the many obstaeles which of- 
fered themselves have been surmounted with success; but this is 
left to the decision of the candid and intelligent reader. 

The following table contains the particulars of this operation. | 
The first column showing the number of hypothenuses; the se- 
cond, that of the chains in each hypothenuse ; the third, the ob- 
served angles of elevation or depression given to the nearest 10” ; 
the fourth and fifth, the perpendiculars answering to the eleva- 
tions and depressions; the sixth, the reduction of the hypothe- 
nuses to the horizontal lines, or the versed sines of the elevations 
and depressions to the hypothenuses as radii; the seventh and 
eighth, the perpendicular distance between the termination and 
beginning of any two rene When a new direction was 
commenced above e 85 | 
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roy. Table of the Measurement of the Base of Verification. 
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13.7012 


17.5080 
12.9180 
9.9272 
58.8788 
45-1033 
| 19-9257 
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19.9843 | 


16.8336 


5.963 1 
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3 145 . 2 ͤ | Reduction. |Below. Above. | 
No. Cha. . Elevation. Depression ITN 
1 „ 5's Feet. Feet. Feet. Inches. Inches. ; 
3 | 9 45 30 5 3-9705 0.0263 | 4 
3 1 18 8644 0.0785 © 
2 $050 6.9121 0. 1195 f : 
„ 13-3418 0.4455 |_. | 
2 3 24 20 3 11.8806 0.3532 | 29-25 1 
2 3 20 50 11.6774 O 3412 3 
2 | 23110 [ | 8.7917 0 1933 5 
W 3.8976 0.0380. 4 24-6 
7 | © 25 40 | 5.2262 ©.0195 = 
5 9 55 40 | 8.0960 0.0656 
2 3 2 50 10.6318 0.2828 
2. 5 34 10 © 19.4104 . 0.9441 3 
1 0 . 3.6305 0.06 | | 
' 4 | © 34 10 3-97 54 0.0198 8.5 
2 0 51 40 4 3 0057 O 0220 | 7 
= I 21 40 ue, 7.1261 0.0847 33.0 N 
b 40. 48.2788 5 1.2958 | 29.0] 
4 2 16 10 15 8396 0.3137 - 128.75 
6 0 14 20 2. 5016 Yo _ 0.0052 | 
6 1 19 10 : 13.8160 0. 591 
3156 30 | 10.1646 | 0.1722 | 
3 | » 25 10 2.1962 | _. 0.0080 2 
3 0 T2280 2.9766 - | 0.0222 | | 
5 o 48 20 | 7.0296 0.2494 | | 
4 D040 4.1499 N o. o215 
4 | 130 0 10.4708 0.1371 
4 1 5 20 7.6014 0.0722 172 
4] 038 50 EO 4-5184 _ 0.0255 | 6.0 
$4 340-0 16.9410 0. 2871 42.0 
12 o 34 50 12.1579 00 þ 
7 1-2: 0 14.0150 os | 
9 ne 25.565 0.3632 | 12.0 
3. | . 49 40 9.5686 0.1526 * 
I : . 
„„ : 17.3061 | 0.2140 
F % 12.4992 | . 1925 
DT. NW FC 8.5180 0.0518 
5 ] 1046 20 6.7387 OE 0.0454 | 
3 | © 20 40 1.8035 " _ 0.0054 | © 132.0 
3 J 134 20 BE 8.2311 0. 1129 Thy 
3 3 7 10 16.3253 e ö 
e 90655 | 0.0822 gs 
„ 0.7563 | 8.0 | 
3 | 134 50 ED! 8.2747 0.1141 40 
33 O 21 30 1.8762 bd. oo 5 
3 218.6937 634.8222 20,9158 | 278.0 17.25 
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Reduction o the Babe wiodruntd on — Plain to the ene. 
| TER 9! ture of 6. : 


108. The Gael of the g66th chain was 1 Feet; · 
by Mr. Ramsden, and found to be g. 939 feet; chere 9 5 
fore the apparent length of the base was 36590. 61 
By the measurement in the Duke of A 3 NY 
riding- - house, the chain A was found to exceed 100 9 5 ; 
in the temperature of 54, by 0.1 1425 inches ; | 
: which adding half the wear, namely, 1 inch, we ig 


= Oy; feet for the excess of the chain' s length above 8 


wy 


100 feet; therefore . 365. 9 (chains) = =. 542 


feet, is the correction for excess and wear; which add 4.542 
The sum of all the degrees shown by the ermo- 


meters, was 8 146051; . wherefore === EE . — 4 * 9558 1 


x 8 = 5.232 feet, is the correction for the mean 


heat in which the base was measured above 54 ; the 
| temperature to which. the n, were reduced ; and 


| this add 155 . rs e 5 — 15. 285 ; | 
Hence these corrections, added to the apparent — „% Be 5 ; 
length VVV ** 36598. 835 | | IN 


Again, for the reduction to the temperature of 62”, : 


: 6 80 
viz. for 8 on. the brass scale, we have 9 th LE _ 


= 3.017 feet ; ;. which subtract VVV; . ood 
By the tables, the sum of the versed sines of the . 
hypothenuses, or the corrections for reducing them to 


_the _ of the horizon, is 20. 916 feet; and this, 
aubtract 3 — — > — 


36574 90² 


x 266 ] 15 
The sum of the acetone for the reduction of = 


the several horizontal lines from the height of the al ay wit 
different hypothenuses above the centre of the earth, Bn 15 n 
to the height of Beacon Hill above e is o 851 f feet 15 7 O07 goon! 
Minded 58 5 5 gent e ho + 0.301 | 
Therefore the . age of ta base, as s reduced — 
to the level of Beacon Hill, is feet 36575. 401 


+ But it will be hereafter shown, that the Labs of Beacon Hill 
above the sea is 690 feet nearly, and that of King's Arbour 118, 
and of Hampton Peorhouse 86 feet ; therefore the height of * 

Beacon Hill aboye the mean point between King 8 Arbour and 
Hampton Poorhouse, is 588 feet, or 98 fathoms. 

Now as the hase thus reduced, may he su en to bereiten 
measured 98 fathoms farther from the centre of the earth, than 
that on Hounslow Heath, it must be reduced to the same level. 
Therefore if we take 3481794 fathoms from the mean semi-dia- _ 

meter, and add 98 fathoms to it, we shall get the length by this 
proportion, viz. 3481892: 84879 : 86575-4 L 365754 * the 
length of the base nearly. = e 
With respect to that step by Inch t the base is reduced to tlie 
level of Beacon Hill, or the correction o. 50¹ foot is obtained, it 
* be e to show on what principle it is s founded. ORE: FO 
In the adj6iting” figure; let B a, a e, 2 
ee, and O be the eve pales” 
or measured lines; then will the sum 
Co corrections. for- their reduction to 
 _ the plane of the horizon, as given in the 
table, exhibit that of the differences be- 
tween the horizontal lines, ö a, d e, fc, 3 
h O, and their correxponding ne . 
nuses. 


Again, with the radius C B, 0 being the centre of the earth, 


_— 


* 


*. 1 * 597799 . : 7 2 2 
OI er Ie 1 - * 2 a ">. — 1 


describe the art B 10 6r kat du by dhe baus and through 
the terminations of the several hypothenuses, draw the lines C R, 
C D, CH, and C1; then will the lines B A, A D, D H and HI be 

Ic 0 Which the horizontal ones b à, d e, Fc, e. and 5 O are to de 
diced, and'which may therefore be done by the prof 
the lines, C a, Ce, CE a 
Upoti this principle, the co 0.501 foot has been obtained, 
and which is the sum of the differences between the lines 05 a, a e. 


Fe, 5 arid b O, and their cm e ver eg Hnr. 3 


DA 85 AR IG 13 a = R930 113 113 3 1E 1 B41 £18 e 
Hide of Beacon Hill above the $ Southern Extremi ly of the Bae. i 
R 2 37k 1243 ; jk. F5 119 | . 4 1 TR 4” 41 


| 109: The xom of the perpendicular or elevations tie es 
the fourth column, is en nohinh. . 8.6990 
And of the depressions in the fifth ak = 64.8223 
Therefore the depressions exceed the elevations hs 6 axis 
N The difference of the sums in the es and 1 . 17 
colm ns, De Oi HGH 7 Aude ic 10 1  Joge v7 add CO 35” 
Flence the sum is che height of the anden g of the 
first chain above the end of the last, name een 


feet above the stone, and at the ether end it was 13 
ſeet: therefore their difference is 5; 4 feet, which subtract TY ey 


d e 0. to the constant radius C BI 


But the handle ef the chain at Beacen Hill was 6.77 


Hence the surface of the stone at Beacon Hill is 
digher than the ourface of the's Stone at On aum: ; 49 e 


5 * \ _ &.3 16 N 
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110. | When this situation was W emed and 80 

ement, it was imagined that one of the extremities of the 
ale would be fixed on somewhere near the southmost clump of fir 
trees, not far from the Amesbury road, because from that spot 
Highclere can be seen. Those trees are near the 52d hypothenuse, 


and therefore about a mile from Beacon Hill ; W * 


M m 


ted for the 


: Ls 268 4 
that situation had been fixed on, the base would wad 1 no more 


than six miles, and the- rre tion for the reduction of the hy po- 
 thenuzes to the plane of the horizon only about 16 fegt. 43 
Now, although we think that the fixing on Beacon Hill as the 
northern extremity, is zustified from the circumstange of; a, mile bh 
| being added to the base, which, is, gqnceived to be more than, a 
4 nce for any errors which, may arise from; measuring 
5 en the side of a hill; there were other reasons which made it 
proper; a principal one is, that by selecting that spot, the base 
can be applied as a test to the triangles, without making the con- 

necti ion by means of several small ones; and another! is, that if a 
place near the trees had been fixed « on, a station must rn 

have been chosen on Beacon Hill, in 


in order to have a view of Long 
Knoll, near Maiden nne and Inkpin Beacon, ama Hun- 
gerſved.” ” £4 $13! $139; 163. bu 


We shall now Mabe this account of the — by ol servir 
| this measurement has been almost without an, alternative, since 
Sedgemoor, the only spot west of Salisbury proper for an operation 
of this kind, is about to be inclosed. Therefore had we not adopt- 
ed this expedient, the triangles which may hereafter, be carried on 
to the remote parts of the West of England, would probably have 
depended on the Hounslow Heath base. But we are led to believe, 
that this base has been measured with nearly the same accuracy 
which. would have attended the operation, had the ground been 
nearly level; since there is a certainty of the angles formed by 
the hypothenuses and the plane of the horizon, being determined 
within a minute of the truth. Now if an error of a minute in those 
inelinations, supposing them all to lie the same way, produce only 
that of three inches in the whole, base, it may be concluded that 
Encan very Y in length. "i 
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alculation of the Sides of the great Triangles. Pl. Xx. 
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add e the Division of the Series into di ferent Brancbes, ,, _ 


In order to methodize the process of computation, it has been 
considered as proper to divide the series into different branches, 


4 


5 2 Ft 


as the triangles of which they are Pony seem e e * 


resolve themselves into distinct classes. 


The first branch, is that which lmumdiatih/ connects the bn 


| Heath, with that of verification on 
Salisbury Plain, and is bounded by the sides connecting the 
mem Hanger Hill, St. Ann's Hill, Bagshot Heath, Highclere, 
Beacon Hill, and Four Nabe tee an übe Muth, and on the south 


A4 N Four Mile-stone, Denn ow Butser * Hind ans. 
Leith Hill, and Banstead. 15 


2 


The second branch, is dint btb nee Hind 
Head and Leith Hill, to the coast of Sussex and the Isle of Wight, 


and principally affords the sides which will be hereafter used in 
finding the distance between Beachy Head and Dunnose. This 
branch also proceeds westward for the survey of the coast, and is 
bounded by the sides connecting the stations Leith Hill, Hind 
Head, Butser Hill, Dean Hill, and Wingreen on the north, and on 
the south by those connecting the stations Nine Barrow Down, 
Notteston Down, Dunnose, NP n en RD and 
I Diner Beacon 


19211 


The third branch; is that's which em aer the Side Hanger 


Hill ind Banstead; to Botley Hill and Leith Hill, and from'thence 
towards Beachy Head arid Brightling, joining the series formerly 
projected at Botley Hill and Fairlight Down; the branch being 
bounded to the westward by the sides connecting the stations 


has, a key En ar re ee n W e 
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The fourth — or remaining class of triangles, — | 
which-the distance between Beachy Head and Dunnose is obtain- 
ed, and is formed by the sides connecting the stations Beachy 
Head, Ditchling Beavon; "Chat ctonbury ting, Rook's Hill, and 
Dunnose. e ett d waned orfy. SALSA ert aaa ils nfo 
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& the Selection of the Angles, constituting the ws lng Trian a. 
and the Manner of reducing. them for Computation.” Wy _ 


112. The angles of the several triangles/oonstituting the ee 
a series, are; with a very few exceptions; those arising nn 
the means of the several obserdations given in the foregoing par 
of this work; for although the rejecting” of such as might appa- 
rently suit the purpose, would give the sums of the three angles 
of many of the triangles, nearer to 180 degrees plus the computed 
excess; yet as all the observations have been made with equal 
eare, and are for the most part to be considered as of equal accu- 
rudy: it has been thought es . Rn 
the fairest mode of proceedinng „it ibn 

IT the observations had eee eee. agi 
e and the angles accurately: taken, the most natural method of 
computing the sides of the triangles from the measured bases, would 
be by spherical trigonometry; but if the magnitude was such, that 
the length of a degree of a great circle was equal. to a degree of the 
meridian in these latitudes nearly, in order to obtain the sides true 
to a foot from such computation, with any faallitpr n table of the 
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angley' draft baths chords could. be determined pretty exact. 
We have endeavoureũ to adopt this method in computing the sides 
of the principal triangles; in order to avoid an arbitrary correc- 
tion of the observed angles, as well as that of reducing the whole 
extent of the triangles to a flat, which evidently would introduce 
erroneous results, and these | in e as the s series of e | 
extended. © = 
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readily be reduoed to those formed by the chords. But the Astro- 
nomer Royal has favoured us with the following investigation, 
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Butser Hill and Hind 
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Sa ee, been considered as independent of those 

anch, and e Hind Head and Leith Hill been used as 
a nenen Rea , nearly the same oon- 
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Hill and Old Saen rr in e 1 feet, which i is 
only two and an half inches less than the measured base. This may 


be considered as a roof, that the angles of the triangles forming 
this branch are sufficiently corre sinoe the series which joins the 
two bases by this route, is ne-. nearly an hündred and twenty miles in 
cl Some little variation in that result might b be produced by 
a different correction of the angles of the KX4V + triangle: but as the 
angle at Butser Hill must be very nearlz true, the other angles 

Ce not, on any reasonable Supposition, be 50 corrected as to make 
the co! | puted base differ from; the measured one more than s six 
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Comparizon of the Distances, from. Botley Hi I to St. . Ann's Hill, and 


_ Fairlg bt Down, . fon the recent recent erva ons, and those 
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* 510 till vey: „ 
119. „The stations on $t. Ann's 8 Hil, Botley Hil, and Faitlight 
Down, connect our triangles with tho f y 
therefore the two distances from the middle station, Botley Hill, 
which are common to both series of triangles; : 


and indeed almost the only means of comparing independent de- ! 


ductions from both operations; the rings * Ann's mall, gs s 
Arbour, Hampton Poorhouse, excepted. 5 

The distances from the station at he Hundred Acres to St. 
Ann's Hill and Botley Hill, (see the Iv. and ix. triangles in Art. 
37.) are 792097 and 48726 8 feet; and from the iv. v. and ix. 
triangles it appears, that the included angle at that station is 1697 
25' 21.25; these give nk 3 feet for os distance of St. Ann's 3 
Hill from Botley Hill. 
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-- „„ ATA IS ar ad + 


| According to our observations, the distances of St. Aan' 8 Hill 
i  gpectively, and the included angle for computation at Leith Hill 
89˙ 40 3² „; hence, from the recent triangles, the distance of the 


stations v be 1274807 Toet ; 7 red why about 14 feet les than the | 
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8 5 
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Hill from Leith Hill are 88019. 8 and 9262.2 feet re- g 5 


C867. 


To compte. the distance of Fairlight Dent Tron Botley H 
dy means of the triangles 1 in Art. 57. we shall make use of the 


mean distance of Hollingborn Hill from Fairlight Down, as de- 


duced from both bases. This distance, 141752 feet (p. 142), with 
the xnr. XII. and x1: triangles (5. 141), give 130790 feet, for 
the distance of Hollingborn Hill from Botley Hill, and 88 27 0%. 
the included angle at Hollingborn Hill between Botley Hill mY 
Fairlight Down: hence the distance of the latter nen from 
Botley Hill will be 204274 feet. | 
For determining | this line from our enn we have 9262.2 
and 117 190.4 feet, the distances of Botley Hill and Ditchling 
Beacon from Leith Hill ; also 102 182: 4 and 98519. oy feet, the dis- 
tances of Ditchling Beacon and Fairlight Down from Beac hy 
Head, respectively : these, with the included angles at Leith 
Hill and Beachy Head, give n Beacon from Botley Hill 
139567. 4, and from Fairlight Down, 167986. feet, and the 
included angle at Ditohling Be. 82* 41' 6”.8; hence the dis- 
tance from Botley Hill to Fairlight Down will be 204276 feet 
nearly; or 2 feet. Wear than the deduction from _ other 
CUR. 559 e eee 111651 
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By this ** from Rook's Hill to Chane- 
tonbury Ring as found by the first branch, we get the dista 
between Rock s Hill and Dunnbse, 148539. 3 feet; but by the same 
branch, 1435589 feet was found to be the distance; and if the 
side Butser Hill and Dean Hill be made the base, we shall get, by 

the xx11. and xxni. triangles, the distance fromRook's Hill toDun- 
nose 148557.1 feet: hence 143558.4, the mean of these three 


distances with the above triangle, give 214498. 4 feet, for the dis- 
| Mes between Dunnose * Chanctonbury Ring. 8 | 
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* 75 1 * . 2 0 


By this triangle, with the side Chanetonbury Ring and Rocks 
Hill, as found by the second branch, we get the distance between 


Chanctonbury Ring and r WN 157592 5 ſont 6 8 and by the 
following triangle, | 
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using the aide betete W and Drehihig Beacon as TY 
by the second branch, we get another distance between Beachy | 
Head and Chanetonbury Ring, namely, 157590. 8 feet; where 
fore the mean distanee is 757591 6; and this, with the XXXIX. 
triangle, 2 — feet ſor the distance between Rook s Hill 
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Hence 339397. 6, the mean, may! be considered as 5 very 8 * 
true distance. Þ a ; 135 n ; | 
RE AS correction of the gs of the triangles which compose | 
Os this branch, we have been a little more particular than with the 
others of the series, as it is of much consequence that the distance 
between Beachy Head and Dunnose should net be left doubtful. 
In the xLII. triangle, i it must be observed, that there is a defect 
of 4" nearly d in the sum of. the observed angles; in the xxxVIII. 


E 44 


about 2 a zecand ; ; and in the xI. I. a defect of about 14: the zum 
ex wel inthe x) Xt isnearly. right, but the angles of it are —_— as 


5 | iT. Pi e 
residuary, or remaining angles; the triangle being too oblique to 7 


be admitted as a eee N the W though numbered and 
inserted as such. 5 


Now it is evident, that if all ihe . of the four triangles con- | 
tained in the quadrilaterg] formed b 1 the stations on Dunnose, 
Rook's Hill, Chanctonb ry Ring, and Beachy Head, were aceu- 
rately corrected for Computation. the distance from Beachy Head 
to Dunnese would be found the same from each triangle, hy 
making use of the side Rook's Hill and Chanctonbury Ring 
(which is common to the two most oblique ones): therefore, 
N assumed that distance, we found-by computation, that if 


d'to be in one angle only of the 
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Nettlebed and Leith Hill, in the following triangle, 


a | Then, _ using ths FAR Shooter 8 Hill and Leith Hill, and 
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we get 242730 and 242732 feet for the distance of Nn 8 Hill 
from ee the mean . 242731 lebt. 


of the Directions of the Meritdions at N and Beachy Head: 
: and the Length of a Degree of a great . perpendicular to the 
Meridian, in Latitude 50® 41. a 
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122. On April 28th in the +6 2b RAY the angle 
between the pole star when at its greatest apparent 1% er 
enen from the meridian, and the staff, was 


observed 


Fee? 
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And on Aprit 29th in the r morning 
© Wherefore half their sum is the angle between 
the meridian and Brading Staff, namely 
On May 12th, in the afternoon, the angle be- 
tween the star and staff was observed 
And on May 1gth, in the morning 
Wherefore half their sum is the angle between 
che meridian and mung Staff, namely” | .- 


Hence 24® 15 11143" may be taken for th 105 between the 
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c 292 J | 
meridian and AY «aff, as determined bay the double Art- 


The apparent polar distances of the star, on "this: days which 
do not refer to corresponding observations c on the reite side of 


dhe meridian, are as follow : be... 2 7 Fn 
* . * 2 
| April 218t 1 75 82 | which, with the lt o LOL 
April 22d 1 47 57.4 nearly, 9 we the azi- 2 50 1 15 
| IO __ 45 15 7 L muths for those days 2 30 16.8 


21 14 10. 
(102.) give LT 1 11 10. je 
The mean of which is 21* 14' 10%. 3 for the angle between the 


meridian and the staff, which is a little more than 1“ different 
from that obtained by the double azimuths; we n, Howrer, 
take 210 14 11”. 5 for the true angle. 


And 2 5 iubtracted: 8 the hk angles {z 14 10. 5.05 


i the Direction \of the Meri dian at Beachy Head with respect to 


Jeviigion N fs 
12g. On A 18t, in the morning, the angle, ; TTY 
between the pole star and the staff was  obeerved - 24 33 20.25 
And at nihgnt — — 30 19 49.5 


Therefore half their sum is the angle between 


the meridian and Jevington staff, namely ß a7 9 0 We 


On August 2d, at night, the angle | between the . 


star and staff was observe! 190 8 $90.25. 
And on August gd, in the morning — via 15 295 
Therefore half their sum is the in between the | 

meridian and Jevington Staff, namely, 27 99 7 


Hence 2% 29 6”, the mean by the double capping wo be 


| taken as the angle between _ meridian and the *. 
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Determin ation of the Length 0 of a Dare of « a great Circle, perpen- 
| dicular to the Meridian, i in Latitude 50® 410. | 


134. In Pl. XIX. fig. 1. Jet D and B be Dunnose 4 1 
Head, and P the pole, forming the spheroidical triangle DPB ; 
and let C and A be the staffs at 8 and nen Down, 
respectively. 812 
Nov the angle at 8 between the meridian . Mis 

and the staff, or PDA, was found by the double 1 
azimuths to be — — h acc % 11.5 
And the angle between the Staff * the station 155 
on Beachy Head, or abs 60 42 41-5 
Therefore their sum is the angle between che e 
meridian. and the otation on. e or PPB.; — 
which is Ri $00 $146 e, dee ww; 85 & 43 | 

| as ES P p 2 
b | £2 * 


9941 


Again; at c Benchy Head the angle betweeis:the wings eL 
meridian and the staff, or 055 — tg the %% 


: : 
C357 Cat 
505 1 


double azimuths to be e nt AGO 9 2 29 6 


And the angle between the mY 2 the station | 
on Dunnose, or CBD . „„ e irons Bo. 69 26 52 
Therefore their sum is ; the: angle hetween ora — U 


meridian and the station on Dunnose, namely , 96 55 38 


Hence, in the spheroidical triangle DPB, we have the angles 
PDB and .PBD gie. 


Again, (Pl. XIX. fig. 2.) let PGM be the meridian of Green- 


wich; .then if MB be the. parallel to the perpendicular at. G, 


Greenwich, we have (Art. 131.) MB= 58848 feet, and GM = 
269g28-feet ; therefore, taking 60851* fathoms for the length of 
the degree on the meridian, as derived from the difference of lati- 


tude between Greenwich and Paris, applied to the measured arc, 
 (supposing the lat. of Paris 48 50“ 14/'), we get GM = 44' 15% 26; 
consequently the latitude of the point M, (that of Greenwich 
being 51 287% 400, is 500 44, 24“ 745 and the co-lat. PM = 


39% 15 35”.26. | 
With respect to the N * of . arc 0M B, for the * pur- 


pose, it i is not of consequence on what hypothesis it be obtained; 
but if 61149 fathoms be assumed for the length of a degree of a 


great circle perpendicular to the meridian at M, then MB = 
| 9 37 4 19, and __ Jatitude of 1 or en Head, my be found = 


In the 5 inet accotint of the operation in. 1787, 1788, the 4 dw in lat. 
50® 10 is 60842 fath. whence this in 5041 was inferred ; and is about 2 fath. less than 
that in the table, p. 168, which was obtained from data somewhat different. But there 
still remains an uncertainty respecting the length of this meridional degree; for if 
the latitude of Paris obgervatory is 480 50 15", the. result will be about 7 fath. 
greater: see Art. 67. These variations however, in the value of a degree, are too 
trifling 4 to be of any consequence in GH the latitudes of the stations, * 1 


ay 


> * 
+ 


r 1 


eg (fig; 3 Y let W be the arc of ralgredtivitele reren. 
cular to the meridian of Beachy Head at B, meeting that of Dun- 
nose in W; and let D R be another are of a great arab 
dicular to the meridian of Dunnose in D, meeting that of Beachy 
Head in R; then we shall have two small spheroidical triangles 


WDB Sr 36 53“, and WB D= 6 65“ 68“ in- the triangle 
WB D; and DBR = 8g» y 2% with BDR = 82g 7" in the 
triangle DBR; and these reduced to the angles formed by the 
chands, "__ the ny ee for r re-. aue nol 


In the rangi w B I WD Bus = Yb * 59. wth rü 
r rot 4: OMB i 10.4 
B D R. = — 8 3 * 17172 2 
Andi in the triangle WA 83. a. 
| DRB =88' 8 He 
In which it must be noted, that the reduced angles are ene to 
the nearest gun SON rÞHO 
Now the rd of the arc B D, or the distance between Beachy | 


Head and Dunnose, is 339397.6 feet (120. ) which used in the 


Triangle V WB bi BW=336115.6 feet I and the triangle DR = 336980 feet. 
gives DW = 40. feet B DR 7.5 BR. = 37547+1 feet. 


Again; let B L and D E be the parallels of latitude of Beachy 
Head and Dunnose, meeting the meridians in L and E: then, to 
find L Wand ER we have two small triangles which may be con- 
sidered as plane ones, namely, L BW and E D R, in which the 
6 480 at W and R are given, nearly. 


angle D WB will be 91* 7' 12” nearly; hence BWL = 88* 52 ' 48”; 
consequently the angle BLW =go 33' 36”, and L BW= 
oe 33“ 36", Therefore with the chord of the arc WB= — $361: 15.6 
feet, we get WL 2 2 feet, which added to WD, as 1 above, 


WB D and R D B, having in each two angles given, namely. 


Now the excess of the three angles above 1 8 in the trian PTY 
DB W, considered as a spherical one, is g“ nearly; therefore the 


* 


. 296 1 
gives 4255816 feet, for the distance besen the . of "A ” 
Head and Dunnose. Tes Hei 

Again, in the triangle B D N, 8d as a dee one, 
the excess is abqut 3; hence, from the two observed angles at 
D and B, namely, & g! 5, and 83 4 2, we get the third angle 
BR D= 880% g: and taking the triangle ER as a plane 
one, the other angles will be ogg 92.7 (EDR), and go" 34 32“. 75 
DER); therefore, with the chord of the arc DR = 6980 feet, 
we get RE== $288.s feet, which taken from BR, as found above, 
leaves 44238 9 feet for the meridional arc, or the distance between 
the parallels of Beachy Herd and Dunnose ; Which! is nearly the 
same as before. 

This method of Geterciliciing the distarice between the parallels 
is + eifficibh tly correct ; but' the same conclueion _ be deduced 
from a different principle, thus : 

Let the difference of longitude, or the angle at P, be Four nd, on 
any hypothesis of the earth's figure, and likewise the latitudes of 
Beachy Head and Dunnose ; with these compute the latitudes of 
the points Rand W; then it will be found that the arc RE is 188 
greater than LW; and since 168 of a second on the meridian is 


nearly a foot, RE i is 5 feet more than LW; hence T — 12221 


44237. 8 feet is the distance between the parallels, which} is very 5 
nearly the same as found by the other method. 
It seems therefore, that whatever be the value of the 1 g 
between those parallels in parts of a degree, the distance between 
them is obtained sufficiently near the truth; therefore, taking 
F 60851 fathoms for the length of a degree on the meridian, we get 
the arch subtended by 44258.7 feet = 3 16”. 4s which subtracted 
from the latitude of Beachy Head, namely, 50˙ 44 23% 7 1. leaves 
5⁰⁵ 37 7.31 for the latitude of Dunnose. 


We have therefore, for finding the length, of the degree of a 


© 


— 


* 


"£79971 


great circle perpendicular to the meridian at Beachy Head, or 

Dunnose, the latitudes of the two stations, and the mom Ron 

| ONTO As 
14324 

125. /Since the um of horizontal angles P D B ah p BD > (PL i 

XI. fig. 1.) is nearly the same as the sum which would be found 


on a sphere (62. ),v we shall find the nn for n n, 


as follows: | 
The co-latitudes: of D end B. or nene md BP, are 
39* 22' 5269, and 39* 15' 96".29, therefore half n sum is 89 
197 14.49, and half their difference 3“ 38“. a. on 
Half the sum of the angles PD B and P B D is 89 26 598 * 
therefore, (p. 157) as tang. 39 19 14.49 : tang. 9 g8”.2 : : tang. 
89 26' 25”".5 : tang. 7* g1' 57.71, or half the difference of the 
angles: hence the angles for computation are 81* 547 27.79, and 
96 58' 29.21, which, with the co-latitudes of D and B, give the 


difference of longitude between Beachy Head and eee or the 


angle DP B = 1* 264. 9h m | 
We have now two right angled wiengles (ag 8. ) which may be 
considered spherical, namely, PBW, and PDR, in which the angle 
at the pole P is given, and likewise the sides PB and PD; therefore, 
using these data, we find the arc B We = = 54 56.21, and the arc 
DR I BIG: 5G 
The chords of the two 3 ares are 3 37 feet less 


| : rg the arcs themselves; therefore B W = 36119. 1 feet, and 


DR = 3698.5 feet; and by proportioning these arcs to their 
respective values in fathoms, we get the length of the degree of 


the great circle perpendicular to the meridian in the middle point 


between W and B = 61182.8 fathoms, and in the middle point 
between R and D = 61181.8 fathoms. Therefore 61182. g fathoms 
is the length of a degree of the great circle perpendicular to the 
meridian, in latitude 30˙ 41', which is nearly that of the middle 
* eme Head and yn ITT 


N C 2881 


If the horizontal angles, or the nn of the meridians, 
have been obtained correctly, the difference of longitude between 
Beachy Head and Dunnose, as thus found, must be very nearly 
true; since the difference between the sums of the angles which 
would be observed on a spheroid and those on a sphere, having the 
latitudes and the difference of longitude the same on both figures 
as those places, is so small as scarcely to be computed: and it is 
easy to perceive, that the distance between the parallels is obtained 
sufficiently correct, since an error of 15 or 20 feet in that meri- 
dional arc, will vary the ang of the ere of the oat _ | 
but a ys small TS | | 5 


2 86 „ TO — . Ware ei, | that because the vertical 
planes at Dunnose and Beachy Head do not coincide, but intersect 
each other in the right line joining these stations, neither of the 
two included arcs is the proper distance between them, and that 
the nearest distance on the surface must fall between these arcs; 
but it is easy to r that! in the ___ case, the eee must | 
be almost insensibe e 607 

In Pl. XIX. fig. 4, let B by Beachy W Fin E B p its meri- 
dian, and N and M, the points where the verticals from Beachy 
Head and Dunnose respectively meet the axis PPP. 
Now it is known, that if the planes of two cicles's cut each other, 
the angle of inclination is that formed by their diameters drawn 
through the middle of the chord, which is the line of intersection. 
Therefore, if we draw B M, and also conceive D to be Dunnose, 
and E Pits meridian, and join DN; it is evident, that either of the 
angles N B M, N D M will be the inclination of tke planes very 
nearly, because of the short distance between tlie stations, and their 
small difference in latitude. In the ellipsoid we have adopted, the 
distance MN is about 62 fathoms, and hence the angle NB M. or 
ND M. will be found between 2 and 3“. The value of the arc 
between the stations is about 55 9010 and its length 33940¹ feet; 


5 


hence the versed sine of half the arc will be 685 feet nearly; now, 

suppose the versed sines to form an-angle of g“, the greatest dis- 
tance of the vertical Lan on the e ne ee the 
stations, will be but about 25 0f an inch. qc 


g 


It may also be remarked, that the inclination here SAO 
is the angle in which the vertical plane at one station cuts the ver- 


tical at the other; and therefore no sensible variation can arise in 


the horizontal BW on unt bad the different ren of the 
stations. 


3 * —— „ 
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127. If the 8 of the earth be that of an eltipscia, __ 5) 
then BR, which is perpendicular to the surface at the point B, is 
the radius of curvature of the great circle, perpendicular to the 
meridian at that point; therefore the length of a degree of longi- 

tude is obtained by the proportion of the radius to the cosine of the 
latitude. Thus at Beachy | Head, where the length of the degree of. 
a great circle is 6118g fathoms nearly, we have this proportion; 
rad.: cosine 50 44 24“: : 6118 3: 38718 fathoms, for the n 
of the degree of longitude. And at Dunnose, as rad.: cosine 50 
37 7” :: 61182 : 38818 fathoms for the length of the degree of 
longitude, being about 100 different from-the former: But nearly 
the same conclusions may be otherwise deduced; for the chords of 
the parallels may be found from the small triangles BW L and 
DER, (fig. g.) and these, when augmented by the differences be- 
tween them and the ares, give the length of the degree of longitude 
at 8 8 Head 3871 g fathoms, and Dunnose 38819 en, 


128. ai Raving the meridional Gert, ad as the de- 

gree perpendicular to the meridian, in a given latitude; to find 
the earth's axes, supposing it an ellipsoid. 8 : 
Suppose (Pl. XIX. fig. 5.) APAP to be the elliptical in 
- ea] thro the point B whose latitude is given; CA, U the 


* 


* 


L. goo 1 
ceequatorlal; and polar cemil-axces; Vet & f be che erdimaté te the 
point B, and draw B R perpendicular to the curve at B; which will 
be the radius of curvature bf the perpendicular degree at that point; 
also draw BD parallel to AC. Put c, and t, for” the cose, and 
tangent of the given latitude ; p, and m, for the lengths of the * 


pendicular and meridional” degrees, respectively; and d = 57.3 
&c. the degrees in the circular arc Which is: equal to the ye rg 


Then, from the properties of the elnpse, we get FC or mw 


Ba CA® were db, a 
= BR = Fe eg — =0d p. the radius of curv 


5 ture of the perpendicular Hegres: and e dm the 
2 | c CA® +F CP* 

radius « of curvature of the meridional degree: but the two latter 

F143 0) 12 Ft: } cp? 2 O91 7 the efc VILE 11 "© 5 «pF 

expressiong are 48 1 to. 3 Ye vb; | er ore 1.5 87 5 


8 henes, (putting x4 dere argue wo ge oF: 


CA*; * m 7 + r ® or CP : CA: 1: v Gant L the ratio of the 
axes. Let 9 EIT. a; then Oat == 4. CP? which cabetitated 


for CA. and we have - Lax ; = d þ, whence or a. V7 #7 ND 


eV +8 
N and consequently CA = FD r a F . 


Corol. 1. Ir I the length of a degree of — at the point B, 
res BD will be its 2e of curvature; therefore, rad. 264% 2 BR 


„ ES, 


I 1, hence 2= == , which substituted in the above erpres- 


e a EXIT 2 a; and CP 2! Vr V and CA 


NV 4 T7, the zemidiameters i in this case. n 


* % * 3 


AO 2. bene aig -- bn 45: Khans Trapre- 


Sent the cosine and tangent of 50 some og ng e, and P the per- 
SQ” Sc CA2* 10 1 15 


bendicular degree in that latitude; ther Ter = 4 P the 


ls 4 » * 4% 2 
8 a 


L. 9011 , 
adigofoormtareof P Herioe' =4: and the for 
e 921442455001, N © 


mer equation gives r c di the ese bein 


ger F b. NN. e cprer "Let 5; and S, be 


g ape, we N 
4 [ 1 1 it 1 Fi #1 18 d A 
the vines to the « coxines g, and ; and put > = and 5; © for r and T; 


and we shall have CA: i" 5 £m = Wo 7 oe, 5 
the ratio of the axes; which being expounded by 1: | 
have CA. = * CP. this substituted for C A? in the 3 


= 4, gives CP E Ff, whine OA & 


2< V+". F. But the same values for the mi axes will be ob- 


alben by substituting in the other equation- 105 wills + 
Hence, if and 5 be the e of — in the given ü- 


tudes, we have = = > and P = F. 5. which aubatituted for p, and P, 
and we shall get the expressions for the « gemi-axes in that case. 5 | 


"CW ES 
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"44391 "re 15571 tt ; = ” | 
n 27 $ * : &. IJ 4 o « 4 7 Z * * 89 . 4 py 
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I 27 Table, e a bd defekt the Degrees! 5 3 the Meridian, 
> wii have. brow measured in d a e e wo, han, e on 


Deg. on meridian in lat. 50 4 ⸗“ 
Peg. perp. to meridian 5 


ah Cf 18211 l bh 4 #& 7 of a * 
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” 3 3313 +41 , . 


55 The Ha Ra of es ve e lle a are el 0 the data 
eee top! in tbe third column, 
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f 505 3 
| 60851 fathoms is nearly the length-of. the degree upon the. me 


dian, as derived by the application of the measured arc between 
Greenwich and Paris to the difference of latitude. (184 ) The fiſch, 
contains the degrees on an ellipsoid, computed from a different 
length of a degree upon the meridian in lat. 505 41 in order to 
show how far the varying t the length of that degree, will affect the 
comparison between: the measured and computed degrees on the- 
first ellipsoid : and those in the seventh are determined by using 
60851 fathoms for the degree upon the - meridian, and 61191 
fathoms for that of the great circle. perpendicular to it; which last 
degree is obtained by taking che angle at Dunnose. equal to "81" 
56 53".5, instead of 8 1 x6' 5. | 
Now this comparison between the measured and SHR de- 
grees, Seems to prove that the earth is not an ellipsoid; since the 
differences are, excepting two instances, constantly minus ; this, 
however, presupposes that the degree of the great circle perpen- 
dicular to the meridian in lat. 50˙ 41', as we have found it, and 
likewise the degree upon the meridian arisin ig from the measured 
arc between Greenwich and Paris, and their difference in latitude, 
are nearly right. Also, were it of Mr. Bouguer's figure, the degree 
ofa great circle in lat. 50 41 would be 61266 fathoms, which is 84 
fathoms greater than we have derived it; we may therefore safely 
infer, that his hypothesis is more ingenious than true; since it 
cannot be supposed that the. degree, resulting from these observa- 
tions, Is 84 fathoms in defect; but whether the earth be a figure 
formed by the revolution of a meridian round its axis, upon which 
the length of the degrees increase according to any law, or one 
Whose meridians are formed by the combination of many different 
curves, it appears to be certain, that we may consider 6118s fa- 
thoms as nearly the length of the perpendicular degree, in latitude 
30 '4Y, by which we are enabled to s tle the longitudes of * 
5 places whose Situations have id ys rm} 


T's 
*> 
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The length of the degree in latitude go? 41', obtained from the 
dirvctions of the meridians at Botley Hill. and Goudhurst, is 61248 
fathoms nearly, which is 66 fathoms different from this result: but 
this is not to be considered as extraordinary, since the distance 
between those places is not more than 2g miles, and the direction 
very oblique to the meridian. The stations chosen for this purpose 
should be nearly east and west; because if both places were on the 
same parallel of latitude, the horizontal angles would give the dif- 
ference of longitude, without adverting to the principle of the sums 
of the angles on a sphere and a spheroid being nearly equal, when 
the places on each have en latitudes, and the same dif- 
ference of longitude. Z 
Was a degree of a great circle Ke Wha to the ds mea- 
sured in some place remote from the latitude of 300 41 the diame- 
ters of the earth, suppos ing it an ellipsoid, might be determined 
from the perpendicular degrees only; (Corol. 2. Art. 128. 15 It is 
therefore, much to be wished, that such measurements were made 
in the northern part of Russia, and in the south of France, where 
the methods we have taken to measure this degree: would algo be 
| applicable. | we 
_ Having given the 3 of a * of what: way. be consider- 
as a great circle upon the earth's surface, as deduced: from the 
observations which have been made at Beachy Head and Dunnose, 
and like wise drawn such conclusions as appear to arise from it; we 
have to add, that as the preserving of the points marking these sta- 
tions has been considered of great consequence, his Grace the Duke 
of Richmond ordered an iron gun to be inserted in the ground 
at each of those places, which was done in the autumn of 1794. 
By these points being rendered permanent, the truth of this part 
of the operation can be examined, by re- observing the directions 
of the meridians; and that this may be done with the least trouble, 
Ve have preserved the Points, where the ae were erected on. 


L. 34 J 


ö Brading Down and the Hill above J evington, by-inkenting large 
stones in the: ground, having a small hole in each of them, for the 
purpose of denoting the exact points over which the centres of the 
staffs were placed; therefore the angles which we have given, 

as being the directions of the meridians with respect to those points 
can be examined without the trouble of firing lights at Beachy 


Head and Dunnose. There is, however, another method of deter- 


mining whether 61 182 fathoms be nearly the length of a degree of 
a great circle perpendicular to the meridian; this may be done by 

observing the directions of the meridians at Shooter's Hill and Net- 
tlebed, whose distance is already determined, being 242731 feet 


nearly. The points marking these stations are not likely to be —_ 
removed, any can be found ee en 


a - 8 3 
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of the Distances 70 the Stations from the Meridi ians s of Greenwieh, 


| Beachy Head, and Dunnose ; and also From the ah er pe | 
10 o those Meridians. 8 


130. In operations of this kind; the 0 pa of b obtaining 
the distances of the stations from a first meridian, and from a per- 


pendicular to that meridian, is by drawing parallels to those lines 
through the several stations, and then proceeding in a manner 
similar to that of working a traverse, after the bearings of the sta 
tions, with respect to these parallels, have been deduced from the 
angles of the triangles. This mode of computation might be con- 
sidered as accurate, if the surface of the earth to the whole extent 
of the triangles was reduoed to a flat: and it will not produce very 
erroneous results, if the series of triangles are in a north and south, 
or an east and west direction nearly, provided they are on, or near 

the meridian, or its: perpendicular; but if the triangles! are consi- 
derably extended, and in all directions, the bearings of the same 
stations (if they may be so termed) must evidently differ; and that 


"Miki 
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donſeeſii -considerably;,” when obtained: from-different WTI 
To avoid; in a great measure, the errors which might affect the 
 conclusions'derived from the present triangles, if all those distanoes 
were determined from the meridian of Greenwich only, we have 
considered the meridians of Beachy Head and Dunnose as first 
meridians also, and, with two or three exceptions, calculated the 
distance of each station from its nearest meridian. Bagshot Heath, 


Leith Hill, Ditchling Beacon, and Beachy Head, with those to the 
eastward, are from the meridian of Greenwich and its perpendicu- 


lar; Chanctobury Ring from the meridian of egg Head ; and 
the others to the westward, from that' of Dunnose. ' 

The advantages in this mode of proceeding are very le for 
if the directions of meridians are taken at about 80 miles distance 
from each other, near the southern coast, the operation may be ex- 
tended to the Land's End with sufficient accuracy, without making 


astronomical observations for determining _ intermediate Jatir 


_ as a new point of departure.. 


In deducing the bearings of the several stations "oY 255 meri- 


Ann and their perpendiculars, we have taken the observed angles, 


instead of those formed by the chords, which were used in com- 


puting the sides of the principal triangles ; because the latter angles 
at each station may be considered as constituting the vertex of a py- 
_ ramid; and consequently their sum is less than g60*; but the opera- 
tion of determining the distances from the meridians, and their per- 


pendiculars from those reduced, or pyramidical angles and the chords 


or sides of the triangles, independent of other data, would be very 
tedious. Great accuracy however, in these cases seems not abso- 
lutely necessary; because, if the latitudes and longitudes obtained 
from those distances can be depended upon to 2 of a second (the 
latitude of Greenwich, from which the other latitudes are derived, 
being supposed exact), the conclusions will certainly be considered 
as sufficiently near the truth: 25 feet answers to about 4 L of a 


4 9 * 
* 
Pl * 0 
. OA ²˙— en ET ge — — eros —— = 
— cn * f — — — — Ip, 
= * 


[860] 

Second on the meridian ; and it is not difficult to show, that no 
uncertainty of more than about 10 feet has been introduced, even 
in the longest 3 in e of _ the > olgeryed 
angles. 
As Botley Hill is nearly TROY of the Oe at Greenwich, 
and it may be supposed, that the distance of it from the meridian, 

as well as perpendicular, must be nearly true, as given in p. 153, it 
has not been considered as expedient to make this part of the ope- 
ration entirely independent of General Roy's, by selecting Green- 
wich for a station, and observing the direction of me meridian at 
that place with respect to Banstead, or Shooter's Hill. 
In order, therefore, to obtain the necessary data, when the instru- 

ment was at Botley Hill, the angle between Banstead and the station 


on Wrotham Hill was observed, and found to be 152* 57' 4, (109. T7 25 


from which subtracting 79 16 29” (6* 50 58" +72 25' 31”, or the 
bearing of Frant from Wrotham Hill, p. 15g, added to the angle = 
at Wrotham in the x1. triangle, p. 141) the angle which Wrotham 
Hill makes with the parillel to the meridian of Greenwich, we get 
74 40 35” for the inclination of Banstead to that parallel; this, 
with 50927 feet, the distance of Banstead from Botley Hill, give 
48874, and 14314 feet; therefore 48874 — 172 = 48702 feet, is 
the distance of Banstead from the meridian of Greenwich; and 
+2881 — 14314 = 58567 feet, the distance from the perpendicular. 


[5.9095]. 
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131. Table containing the Bearings of the Stations from the Parallels to the | 
_ different Meridians ; and likewtse their Distances from those Meridians 


Rr 


and their Perpendiculars. 
" : {th 5 e nn Distance from th e 
e e e, | Meridian, [Perpendicular 
"I Meridian of Paeich | 0 2 "hs Feet. Feet. 
Botley Hill! — 172 72881 
5 T Shooter's Hill - 111 59 23 NE 14899 3533 
% nf '* © ©} ieee NW) ee 
7 | Leith Hill - = [66 31 22 SW | - 84792 | 109784 +: 
| = +3 _ I Crowborough Beacon 23 3 39 SE 35227 | 155222 | 
Hanger Hill - Hampton Poorhouse 24 11 47 SW 83084 | 18540 
_ 20% s Hanger Hill! - 113 49 33 NW| 67234 16733 
Banstead, -  - 5 King's Arbour = 41 56 31 NW| 102261 1036 
N St. Ann's Hill vi 12 13 NW| 119400 {| 28854 
n Beacon J pitebling Beacon - - Up 1. SE } 24468 | 210257 - 
Crowborough Beacon BrightBing: 57 43 12 SE | B7304 | 188119 | 
Brightling -  Fairlight Dow]n of 25 47 SE 143312 [ 218618 
Ditchling Beacon - | Beachy Head 54 39 48 SE | - 58848 269328 
St. Ann's Hill - 8 Bagshot Heath - 77 27 16 SW | 165234 39055 
8 . a I of Beachy Head. . 8 : hy 200 7 i 
Beachy Head Chanctonbury Ring - [68 26 28 NW Ly 57908 | 
; Meridian of Dunnose. | „ | Lug 5 
Rook's Hill - = |45 42 55 NE 102770 | 100236 | 
| Butser Hill!!! [20 58 39 NE | 50328 | 131263 1 
Dunnose - Dean Hill - = 134 44 27 NW] 104568 | 150786 J 
| Motteston Down 73 35 8 NW 52858 | 15572 | 
J Nine Barrow Down 487 56 55 oy 188061 .| 6736 | 
{Butser Hill 1 | -\ 134 20 17 | 5 
Dean Hill 1 | Highclere - 134 48 11 NE } 33174 253495 f | 
a . Beacon Hill - —|15 30 36 NWI 120101 | 206757 
| Four Mile-stone - J54 59 39 2A = 51073 183355 
| 1 Thorney DowWW n 144 57 42 1 117871 179212 
en | LO Gaim t 59-48 4 137793 | 474746 
ean - — . I 32 37 . 
Nine Barrow Down | Wingreen 7 | 9 28 43 NW 79505 135184 
[Rook's Hill! Find Head - —- | 5 43 21 NE | 112942 | 181782 
- 
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1 92. Latitudes and Longitudes of the Statjon referred to Top 


{- 
#4 
| 


_ 134. Latitude and Longitude of Dunnose. 


Latitude of Beachy Head 


30 44 $ 
Difference of latitude between 1 iN | 
Beachy H. and Dunn. (124). 7 1 — 0 


50 37 7.8 lat. of Dunnose. 


© Meridian — 2 Greenwich, 
| | 18 „ Longitude. 
Names of the itations. Latitude. g | 
q 4 3 8 11 o N = _— m. 
Shooter's Hill _- | 51 28 5.1 [ 3 545 Elo 15.6 
Crowborough vac” - 31 3 9.40 9 9.5 E o 36.6 
Brightling — 50 57 43.3 | © 22 39.3 E| 1 30.6 
Fairlight Down - 50 52 38.8 0 37 7.4 E 2 28.5 
Beachy Head — | 50 44 23:7 [0 15 11.9 E 1 0.7 
Ditchling Beacon 30 54 7 [o 6 20.5W| 0 25g 
Leith Hill '- = =—=| 51 10 33.7 o 22 6.3 WI 1 28.4 
 |Banstead = — 51 19 2 [| © 12 44. 1 WI o 50.9 
Hanger Hill - - 1531 31 237 [o 17 39.6 WI 1 10.6 
Hampton Poorhouse - | 51 25 35.2 | 21 46.6W| 1 27.1 
King's Arbour - =— | 51 28 47.1 | o 26 350 WI 1 47.3 
St. Ann's. Hill - —- | 51 2g 51.4 | 31 16.6W| 2 5.1 
— Heath | - | 51 22 7.1 [o 48 154 WI 2 33 
133. Latitude and Longitude . Chencloniury Ring. 
| Lat. of Chanctonbury King 30 53 48 5 
Long. of Beachy Head, east of — — 
Greenwich Sr. 0 13 140” 
Long. of e Ring, > 
+ beg of Beachy Head 0 g7 588 
Long. of Chanctonbury Ring, es ee 1 
west of Greenwich 0 22 46.9 — in time 1 31.1 


Therefore the long. of Dunnose, 


1 859 2 


The difference of long. „ 
tween Beachy Head TIER 1 26 47.9W 


Dunnose (125. 


And the long. of Peachy Head, 


east of Greenwich 991 10 


west of Greenwich, is 1 11 36 « and i in 1 4 5 4 


1 35: Latitudes wich 4 Longitudes of 8 the Stations referred to the 


— of Dunnose. | 
+ - Low dud. 
_ „ 1 35 $ West of Greenwich. 
Names of the Stations. Latitude. from Dunnose. A 


1 


In degrees. | In time. 


— 4 ac - 350 53 32.5 26 97.7 Eo 
Hind Head - 31 6 36.100 28 53 HE o 
Butser Hill 350 58 40.80 13 3.8 EI o 58 32.2 
1.2 
1 
1 
1 


1 


Motteston Down 5O 39 40 ſo 13 37.8 
Highelere - 31 18 46.20 8 40.4 
Dean Hill — 1 1 30.900 27 10.5 
[Beacon Hill — [51 11 4.40 31 18.9 
Four Mile-stone 31 7 8.5]0 39 20.2 
Thorney Down 51 6 30.2% 30 40.8 
Old Sarum - 51 5 44,70 35 31.3 
[Nine B. Down 50 38  g.5jo 48 27.8 


[Wingreen'  - 50 59 7:6] 54 22.9 W. 2 288.9 
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136. The longitudes and latitudes of the stations have been 
computed spherically, in which we have taken the degrees upon 


the meridian, and of the great circle perpendicular to it, from the 


following table. 1 
1: 23D Goin the it; 
| „ i © perp. | 5 | 
VVV th. | Fr.athoms. 
„ 4. 60851 61 182 W of 
Lat.! 51 5 60859 61 40 this ellipsoid - 3491420 
51 28 40 60868 61188 ) Semi-conjugate - 3468007 
Ratio of the axes 1: 1.006751, or nearly as 231 to 23378 
Rr 2 


— ——_ — — — —— — —— - —_ _ 
= = _s — — 2 co 


— 8104 
This ellipsoid is determined from the length of the degree ob- 
tained from the directions of the meridians at Beachy Head and 
Dunnose, and that upon the meridian in lat 50? 4L', as resulting 
from the application of the measured arc between Greenwich and 
Paris, to their difference in latitude. It is not, however, to be un- 
derstood, that by using it, we consider the earth to be this ellip- 
Soid : we have adopted the hypothesis, because it is obvious some 
small increase northward must be made to the degree upon the 
meridian in 30 41“, in order to approximate to a correct scale for 
the computation of the latitudes. But it is evident, that any of the 
received hy potheses (supposing the length of the degree upon the 
' meridian in 50 41 to be 60851 fathoms nearly) would give the 
degrees sufficiently correct, since the principal stations, together 
with most of the objects fixed in this operation, are Included: * 
tween the parallels of 30 87 and 51* 280 
In obtaining the latitudes of those places which are referred to 
5 the meridian of Greenwich, it is easy to perceive, that little error 
is introduced by spherical computation, since the eee cor- 
rection for the latitude of Bagshot Heath is only about 78 of a 
second. Had indeed the latitudes of the stations, which are far to 
the westward, been computed with distances from the meridian, 
and the perpendicular at Greenwich, some small errors might 
have been introduced, from the uncertainty of the earth's figure, 
and the consequent inability of computing the spheroidical correc- 
tions with sufficient accuracy; but as the distance between the 
parallels of Beachy Head and Dunnose is obtained very nearly, the 
latitude of the latter station may be considered as correct as that of 
the former one, and consequently the places in the vicinity of 
Dunnose have their latitudes determined with sufficient precision. 


oy * 


8 


1 37. see ae d in pbk: _ uu wy bave been mY 


served. The first seven intersected Places were selected for inte- 
rior Stations, on account of their commanding Situations. 


e Hue 


[54597] 


= * 


bs Triangles. f Angle 59 ' Distances of the stations from the point | 
I ate a | observed. Ai interoected. 
5 1 _ PR pe FED L —2 5 T 3 5 [EE ? _ 
eac ea — 10 0 80 [la 1447956 
Ditchling Beacon 8 53 23 5 Beacon 55021 
Firle Beacon Solent | as - 
Chanctonbury Ring from the 5upport of High Down w indmill 
; 209442 feet. 1 See 
Chanctonbury Ring - Ga 54 52 3 
High Down Windmill | 5 sleep a doun 1127139 
Sleep Dor n 79 3 83. HTN > 
Butser .Hill = 10 28 4, * Bow Hill | T@ 150 |. 
Rook's Hill _- 28 19 50 17668 
Butser F HI - 93 255 15 1 { grorronirng 
|Portsdown Hill SE © ns 
Dunnose - J30 34 9| 57470 
Motteston Down — | 79 6 47 FINS o 7 29704, 
r Tsle of Wight _ 6 Wn 
Motteston Down - | 27 57 15 97051 
Nine Barrow Down 42 26 2 nase Hill - if 07423 
Ramsden Hill! : 
Dean HII | 7 10 48 54366 
Beacon Hill. 45 | [ET Hill 4 65515 


i 
n - Ws WS ut 
x - — 


— 7 — 


With respect to „these triangles, there is WA to be remarked, 


* % 
> > 


except that the angles of the ist and gd, from their being very 


acute, were determined with considerable care : 
however, from Firle Beacon to Ditehling Beacon, and Beachy 


the distances, | 


— — — — — — —  - — 


_— — 
= ne -4 — < 
bt — — 
— — ' 4A 
5 1 


L 312 
Head, may be ascertained, when either the great or small instru- 
ment are taken to that — by the intersection of Hurstmon- 
ceux Spire. | . e ee eee NED ATLAN eee ee 


"© y 
r 


Triangle fornel by the 1 ntersections of Chu ches Wi adeills, and 


er 


| other DL aios 
: Triangles. ee $1 Angles c "x ' Distances of the stations Tots the 
Eon ; 4 obietren. | 7 intersected aden Bo 18 
mo 5 5 Mm m | = „„ my "Ry 
Fairlight down | 48 18 18 34375 
Brightling - 82 6 22 nem Church | » {| 4825 4 
 |Bexpull rcd Ser 7 
CEO * wins 8 1 5. 5 1 [Wenn ua = 
Westham. Church HELD Gt his | 
Fairlight Down - | 46 46 20 58580 
[Brightling — IAA Peng Church { 58694 
Pevensey C W | 
Fairlight Down — | 4 34 13 Blackheath Wind 76733 
| htling  - 1134 19 13 mill 14110 
Blackbeat Windmill . 5 J 220 
(near Heathſield) 12 | 
|Fairlight Down = 25 26 4 45488 3 
Brig ghiling [48a 54 Foam = * | 
Ninefield 3 — | 144 7 tg, 
airlight Down = | 10 32 37 Mol mfield” 1 
Brighitling 16 44 22 Church 2548 
_ eld Church 3 4 
1 _- [Beachy Head © - © TEA Hũrstmonceuæ 47021 
1 Ditchling Beacon 436.49, 41 .; Chureh. 1 
Hurstmonceux Cburcb eee 
Ditehlin Beacon '- [| 41 17 30 69950 
r be Hoes 
Chittngly Ct wrch | 2 e ee 298 


— ——_— 


Distances of the Stations from the 
ane objects. 


ah 


itchling Beacon ri 73816 
Crow borough Beacon, b 1 19165 
DoMWaldron Church ent A c nmP 1 

Ditchling Beacon 1 . 2 | 
Cranborcugh” Beacon 36 : Firle Church. 1 76 | 
Firle Church | 005 M REO, 
Crowbin Beacon - | 70 32 © Jevington Wind- 89861 | 
(Crowborough Beacon | 58 49 56 8 mill 4 99010 
_|Fevington Windmill |  _ — ons pov 
Ditckling Beacon - | 24, 14 48 | 8 
Crow r Beacon 's 5 mw 2 Church 0 __ 
_ |\Plumpton Church - ms 
Ditchling Beacon - 23 34 5 Little Formead 48678 
Crow borough Beacon | 1 0 * n= 8 Ell 41480 
D|Little Horstead Church| THe: 
: [Ditchling Beacon 36 41 20 8 | 
F e Beacon 14 20 4 Jos tal Windmill i {| _ 
5 Spittal 7 © ' i 
Ditchling Beacon T6 a9 | 7 15 
— — 4 19 9 's: rang & Church [| . — 
Ditcbling Church 1 | =O 
' Chanctonbury Ring 1155 19 36 || Thakeham 119754 
Ditchling Beacon = | 1g 503 4 N Church 1 74103 
[Thakebam Church | i 
Thanctonbury Ring 66 23 40 West Urinsted 30044 
Ditchling Beacon - 28 9 20 Church { 58342 
Vest Grinsted Church n 
"[Chanctonbury Ring | & 40 15 59208 
Ditchling 3 55 52 17 Fee ** Church 80g 
Keymer Church b n 
Chanctonbury Rin "37 7 is | 53461, | 
Ditchling Beacon - 1-87 2 : 125 Church 5 39029 


B 22 — 


— — 


4 


2 


= /Distances of the stations from the 


| ed. Aer objects. 
er Ring 50 26 25 =_ 7 85 {| 65501 
Ditchling Beacon 66 41 45 Cine: * 54985 
D|Slaugham Church = | | een 
* 3 — Ring | 23 2 19 8 142 Pf 88586 
| [Dichling Beacon * 86 0 39 Stn ang ow 1 20279 | 
| ROY House on the] Ds EY 
Race Ground near 4 QELS e 
_ | Brighthelmstone' | 1 4 4 
a 1 Ring 33 58 20 7780 ; 
Ditchling Beacon = | Th Cuokfield a Spi re 5 38868 


Cuck field Spire 


[72 9 4% 


1 Ring | 20 34 55 TED 1 71575 : 
itchling Beacon. - | 98 0 8 Church 25409 
yvelsfield Church {| | 

. 1 — Ring | 14, 32 35 Deer 1 8545 

[Ditchling Beacon * 29 5 en 20498 

Hurctpier point Church Mo 
[Chanctonbury Ring ſ 29 51 47 82079 
[Ditchling Beacon 100 41 5 IN Lindfiel Church 1 | 42599. 

_D|Lindfield Church EY * {1 

Chanctonbury Ring | 52 22 45 39860 | 

* zep Down - {1.96.27 8 cg © Church 5 26995 | | 
orig Church O19 | 146 

" [Chanctonbury ng 22 40 0 "Southwick ol 39584 5 

Sleep Down kꝛ 140 53 45 |/ Church me 24892 | 

Southwick Church i | Sussex ; 44 

Chanctonbury Ring | 14 28 30 27590 . 

b Down. = ne @ [} Shoreham Church 17578 

Shorebam Church | 1415 | 

' [Chanctonbury Ring | 32 5 47 | JN bein 1 [= . 

Sleep DW 136 19 20 hurch —- 46680 

|Brighthelmst. Church" | : 
hanctonbury Ring | 43 9 25 ar Wind T 21772. 
Sleep Down = | "> 16 oy. mill - - | 14995 

_]Bramber Windmill _ 5 ee 591 


| 'Diatances of of is Stations from the 


N objects. 
| |Chanctonbury Ring 88 47 22 If }Tomple in inden 
_ {Sleep Down 37 32 41 Fark” ||. 
Temple in Findon Part * . 

"RY hanctonbury Ring | 82 19 10 | 42 
 [Rook's Hill 17 41 21 186189 
| West Tarring Church Lt | 1 4 
F Chanctonbury Ring 56 47 5 | | High THigh Down- 29442 

Rook's Hill 19 30 39 |] Windmill. 7875 

Higbdoꝛun Windmill 1 1 
| Canctonbury Ring | | 45 44 35 Xa 134579 
[Rook's Hill 21 55 49 J Church - — * 66312 
D |Angmering Church 2 8 a 2 

$f (Cnanctonbury Ring | 30 40 1| SF. Hogan s [ 80807 | 
Rook 's Hill 68 36 53 "Tg. — 11 44263 
Sir R. abet Flag = Wo N | 

_| staff, near Bersted | _ 3 5 
JC anctonbury R Ming ſi 87 54 15 Ane een [77895 | 
Rook's Hill 85 26 6 TO Church : { e. | 
 {Bersted Church - 1 A 
ſchanctonßüry Klas 31 22 33 F Pham W Windz 74875 | 

Rook's Hill — 80 52 32 | 3 8 44626 
_ |Felpham Windmill. F „ 
Chanctonbury Ring 44 29 27 | 27201 

ook's Hill © = i 316 [Clapham Church a{] 68929 
D |Clapham Church Susse r. Sf ON 
hanctonbury in 14 12 22 81303 
Rook's Hill . 71 6 26 2 oc Church i 21089 
Oving Cbureb 4 B 
Chanctonbury Ring |] 27 rTP 18 96306 
Rook's Hill 89 41 4 | een © Church 440 
a bam Cburcb IF 1 
Butser = "HAR 26 55 45, 5 134605; 
Rook's Hill - — [194 6 o se er N 
Lantern of tbe Vessel port 9 

| moored « over the Ower | | SY 
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3 1 Triangles. rv Angles ob Served. by. 


Distances of the stations from the 
 ntervected . 


7 0 ; : —_ . I 


j{Rook's Hill — 
Selsea Church 


Butser Hill! 


27 1285 


117 * 2 |Selsea Church Tg 1 


Rook's Hill 
Selsea High House 


Butser Hill - "= 34 42 20 |] See Hi e 
110 6 12 House . 


Selsea Vindmill 


Butser Hill  - =" [| 94 40 SIT. 7 
Rook's Hill = 109 9 gi | e 


Rock's Hill -- - - 
Cackbam Tower 


SG Bl - IT 


er Teer 120 


ſatan cd Church | 


Princested Wi 1 | 


Rook's Hill! 74 11 15 

Bosbam — 3 
Butser Hill „ 38..30-4 [Frincested Wine 
Rook s Hill - mill 


80 BO 1 
e of A 


Butser Hill - 142 


25 47 35 


Del Key Del Key Wind- 


= 5 
[= 
T= 


Rook's Hill - 92 32 2 mill 
Del Key Wi 2 r 
Butser Hill!!! | 4g go 10 West Thorney 
Rook's Hill - = 68 27 28 | Church 
West Thorney Church _ | et 
Butser Hill = 38 31 52 South Ha lng” . | 
Rook's Hill - =: | 65 13 29 | Church 1 625 
South Hayling Church 3 e 
utser Hill - 143 27 20 [INA 14450 
Rook's Hill - - 6 55 22 per Church - (A555 
Bourn ee | VVV \ ELL . 
Butser Hill - - "Io 48 19 |\ 5 & 72681 
{Rook's Hill 75 49 18 reer SD | 726 
Flagstaff at the Watch- LEE re 
| bouse near Chichester W 
_Harbour _ | : | 7 


L 317 l 


R — EE — — ee ba 3 
| ©; + Triangles. |: -- [Angles observed. | . 
of "te ; 1 __  * 1ntersected objects. | 
| DR Hill | 6 8 7 1 1 Fro | 
utser Hill! | 09:28 9 [qa = 7146131 
Rook's Hill | 44 0 16 0 Clark's gd bf 62212 
IClark's Foll 


Butser Hill j: AT TT 1 83 88 24 W N nd- 49350 
IRook's Hill 5 { 


> SW *9 17 0 mill . 74045 

Portsdown Windmill K re bod x | 

Butser Hill - = T G9 19 25 ww | 70049 | 
[Rooks Hill e 5 48 } Cumberland For {| 74865 | | 
Wes! Chimney on the Go- „ 5 ee e eee | 
{ vernor's Toe, Cum 35 + £1 
| berlan berland Fort 6 STD A OT. . | 
[Butser Hill 78 14, 54 1 77038. : Re - i 
Rooks Hi = Ss — Sea  Caatle 1 rare | .. 

(South Sea Castle . 1 


Butser Hill - - [| 87 18 4 ASt. C Catherine's 159828 
[Rook's Hill - J71 26 go Light House 1 311 
St. Cath. 1 House Sw +. -fle of Fae {it þ hen | 
Butser Hill [84 go 52 [1 Sir R. Worsley's 145861 
Rook's Hill! 72 3 39 Obelisk { 


Sir R. . J 's Obelisk PHE Isle CH lh bs 4 (3H 
[Butser Hill - | 83 29 28 jAchey 1117188 | 
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JRook's Hill - | 67 44 36 |) Mark 5 ; 1 125806 
Asbey Down Sea Mark | BbBleof liebt. 
Butser Hill — 1103 12 19 D Cowes 104463 
Rook 's Hill!!! [30 10 44 Fort - { 132415 | 
 |Flagstaff of Cowes Fort '| le of Wight | FRIES 
Butser Hill! 100 21 10 711135731 
_ [Rook's Hill - — {| 54 17 31 )Summer House | { 1 805 | 
Summer House of the {| TE) (LOT 
Horse-sboe Inn above . EN TTL OTH 


Büsser Hl =-._-  Jlog9 32 45 7 N Lebe [178277 | 

Rook's Hill - — 54 19 57 7 House' . = { 06798 

Needles Light House = Isle of . — 
1 | Ss 2 2 
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Triangles. + | TOY . of the ide Rom t the 
„ Lp | obgeryed. intersected objects. 
e OUT REICH IG | TA i ; 


Butser Hill!!! 23 27 47 Sou 
Dean Hill — 32 50 * 
Coutbampton Kr eee 
einn 78 2 1 | Box Grove Clurel a 1 


, K 4 N 7 Ne 3 4 4 ys 
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Bow Hill 5 85 1 21 57 oi i 
Box Grove Church | 
Rook's Hill - - | 87 16 9 


(hs IR * AB | 
| 18402” 
IBow Hill . 47 44 17 ]PorlaWndma FN. 
Portfield Windmill | . e 
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Rook's, Hill - 1116 1 21 7938 | 
Bow Hill Se 18 g8 9 5 House lu L | 
Nortb- west Chimney |, 1 y Ee | 

on Goodwood House 
Rook s Hill - — | 75 29 10 

Bow Hill! 59 11 56 [Job 7 
Chichester N 1 30 1 
Rook's Hill 8 37 8 TY lf Sir H. Fer re] 3842. 


Chicheater Spire 


0 

hunk 

| 
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[Hind Head 2 27 50 34 -hapgh' s Tower 
HH. Fetberctok: 355 
I baugb's Tower 


Rock s Hill!!! * 


[Windmill near 


192 24 ag | 
MOT THR - 


[Hind Head [2 1 34 | 
Windmill near: Noobs | : Ty 
| Hill _ 


Rooks HI” - 1 ] 53 1 49 prag Wind 
_ [Hind Head [35 5 L HIS mill N il |. 
| Harting Wi — b 3 


-hanctonbury Ring | 15 33 = | 
[Hind Head = 5 | 16 16 36 Nees rage 


Petworth Spire 


|Changtonbury 8 12 50 23 |\ 8 * þ 
” - Hind Head FF 1 Green Church 
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| Ea de Lets. 


e. Kirdford Church, a 18 


| Dictances of the stations from the 


[Hind Head 29 12 9623 
2 Church Tons eee : g Ne! 
7 Ring: "24 48 50 —Sillngharst” 8543 
ind Head — | 16 58 51'[{ Church 69753 
_|Billingburst Church ̃—i 
Thanctonb Ring 59 43 43] |... chun II 85901 
[Hind Head” | 47 42 51 ads Ru 7 100281 
1 Church . eee 
| |, Chanctonbury Ring from Butser Hill 141003 5 eat” 1 
8 " [Chanctonbury Rir Ring | 20 22 27 [The Earl of Egre- f 70219 
Butser Hill 18 O 51 mont's Tower \| 79052 
Ie Earl of Egre| lt bile 
mont s Tower, near £ | TH "1476-290 Fit KITS rt 
| Petworth | | : E 7 # 
| 1. Ring | 25. 12 40 || eee 36163 
Butser Hill - | 8 5 yo, Church I 159875 
D e Church 1 n 
Leith Hill — | 41 32 70 EZ arch $ "Che | 49257 
Hind Head | 7 9 5 pel — 85 

St. Martha's 20 "1.3 el of near Guildford: 

Leith Hill - | 11 99 40. | 20344 
Hind Head 3 49 30 ba 62206 
Euburst — N e 

Leith Hil - = [1225 16 18135 
Hind Head 85. 5 27.43 55 Euburst Church {| 64596 

_ |Euburst Church - | UTE POHIOR 

Leith Hill - - [51 3 20 103310 

_ [Hind Head 77 52 38 5 Norrs's Obelik T 82191 
Norris's Obelisk, Bag- „5 
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ic Triangle. 1 4 . Distances of the stations from the 
1 „ a> observed. 4 ; intersected objects. 
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| 55 | | 3 Feet. 
Leith Hill. 24 34 44 99948 
' [Hind Head 101 49 30 Dre Castle 4 45474 
Furnbam Castle IS BY 
Leith Hill 7 38 23 Hecks bend {| 18 
Ditchlin Bae 132 37 54 a — 1 40153 
_|Bedding am Windmill LEY © | 
>. hh 01 #] 18987 | 
» ſus 13 Per Windmill { 51948 | 
; 3.39 | 
- | _F 9 75 Wien $1212 | 
Crowboroug Dae 10 22 53 * Che {| 48382 
v est Hoathly Church | At Be 


; Crowborough Beacon from Fairlight Down 125303 feet. 


Crow borough Beacon | 
Fairlight Down - 
Villington Church . 
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45 4 32 } Willington we 85678 N 


43 6 42 Church : 85764 


Crowborough Beacon ; 12 21 46 Y | Homehurse” : 5847 
Brightling - © = * 70 18 45 Church A 13297 
|Homeburst Church | 1 + 
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THailsbam Church 
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Dalli Dallington Church 
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83 32 52 IS Church {| 6889 
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East Grinsted Church | : =" 
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Botley Hill - | 18 51 52 jFairden Tower {| 44777 
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Mayfield Spire | og e 
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Botley Hill 1:28: 99 16 mill — 4 
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[Tatesfield Church 3 85 Do prey 
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{Botley Hill 34 41 39 51051 
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Butser Hill - 36 49 10 Feet Wi- c| 91054, 
Hind Head 1555 42 37 j mill — Rs # 34899 
etworth Wi admill - | 3 | F 
Portsdown Hill — | 41 34 33 1 
IButser Hill 4 31 23 eee gd 48564 
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Butser Hill! 14 59 6 A brook Castle - { 180763 
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T Nine Barrow Down - | 9: 4 47 
Hurst Castle r 
NMotteston Down — | 67 18 84 | 
Nine l Down -| 20 13 51 [ H I 
| WEL. House BED | Wy | 6.0 | 8 A ; 
Motteston Down < [34 4 47 
; iNine Barrow Down- 85 mo. 56 | [Poon Gn Church * 1 * 
a Milton Abbey Church - 

| - [Motteston Dawn : = + 
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| beine B ahi Down - or 92391 ö 
Win green [4 pas 87983 f 
D Ringwood Church | AO) AP | 
Nine Barrow Down 4¹ 55 41 Summer House, 156 5 
Wingreen - =— [33 31 18 F nt ene F 
D Summer House at A 
 Moyle's . HTK n 
Nine Barrow Down - | 66 36 © a 88555 | 
 [Wingreen = — | 29 45 57 35 1 e | 
Christchurch Tower | © ar 
Nine Barrow Doun 72 48-29 | Warren Summer 64989 
Wingrenn 29 13 29 House — —1 127104 
|arrenSunmer Houe, INE @ |= > = RY 
| Christchurch Head 55 Op 


121 1 25 „ 
7 24 Rino ol ae 
'8 90 Ringwood Church 
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2 1 hike maar from Blackdown 149140 feet. I CI 5 
Wingres — 44 36 0 1 : 

| Blackdown _- 62 1 41 * 1 Head 109289 
|Barrow, Swyre Head, VVV Wh ef 07 
1 Isle of Purbeck 6 ooh wor Putt voi 


1 _ Motteston Down from Wingreen 1 97090 feet. 


INMotteston 1 Down 41 6 40 — 
* Wingreen 10.14 47 Fed church 5 1049 
D[Sopley Church 22 | LEI $4 A: $4 FF 


Dean Hill 5 55 ME" 8 — — 
Beacon Hill — = 97 oy sue 6 | Spire ©: 0 166 
| len Save. | 7 {7 i. ON 
| [Beacon Hit *'= -- 33 20 $4 [[Altar- piece at T|< 
Four Mile- stone 34 52 8 |} Stone Henge © 
Altar - piece at Stone e 
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Distances of the CFO the 
er | — TINS. 1 
Beacon Hill 26 51 W {ſs 01 
Four + *onogM — 150 13 33 n 18 (21513 
Sn Chimne : Co ood ee 
| Hartford Jut, 8 IIS: r 
bury Plain LOO . 85 en 
Beacon Hill — 1192 24 37 [lee 36822 
Four ede 12 28 7 41 j 7 Churen L 69213 
Everley C Church ; 8 eee 
Beacon Hill 119 35 33 Summer House on 57794 
Four Mile-stone — | 99 11 3 _ Martincel's Hill “] 93285 
Summer House on Mar-. 3 | 
tincel's Hill, near 1 AER. | 
Tn mT —— — ; 808 
Beacon Hl „ a i$0-4- "PRE ES. } 4s 2 
Four Mile- stone | 81 52 17 North Windmill bl 34387 
North Windmill, Salis- „„ aft OEa 
Besen Eil —.— . * . | 
CON Hl i, => 41 35 52 5 u 741334 
Four Mile-stone „ 174 6 99 JSouth Windwll { 28871 
South Windmill, Salis-“ e SY 1 
bury Plain OY Rd eager, ps #1 
Beacon Hill - | 42 46 45 [\Clay Hill Barrow, 7 EVITA 
Wingreen —-  .- | 70 18 g6 |/ or Copt Heap - 1 84554 
Clay Hill Barrow, near „„ OO e 
Warminster on IN 2H OY 
£4 
Triangles for finding the distance of Portsmouth  Obgervatory b 
EE from Dunnose. 
[Darinoze | SD SE 92 is 38 17 Patol | { 66524 
{Motteston Down = 8 5 44 u7 Church - I 88393 
Spindle of the Wind Vane| ... bc dE 
on Portsmouth Church | 12 | 
7 Tower _ ieee e FIT <a] E Tha 
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In 0 * er to ascertain the Situation of the obs wl). Nr. 
Bayly, Master of the Academy, measured two g in the . 
28 triangle, viz. 
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| Portsmouth TL WAY 124 g 14 
Observatory = 53 | 6s iy 
Portsmouth Church . e ATTN 

The included angle at Dunnose bitween the Ball o on the Cue ; 
of the ROY; and the Spindle of the Wind Vane on Portsmouth 
Church, is 1* 9 16”, and the distances of those objects from Dun: 
nose are 66524 and 69787 feet; thereſore the distance between | 
the Academy and the Church will be 540 feet : this distance, 
used as a base in the above triangle, gives the distance between the 
Observatory and the Church 366 feet; now the angle at the 
Church, comprehended by the Acad emy and the Observatory, | 
being 2 44 go”, we shall find the angle at Dunnose, between Ports- 
mouth Church and the Observatory, to be 1* g' 30%, and the dis- 


tance of the ORs from Dunnose REN ee 


In an operation of this kind, it 8 follows, when the ob- 
jects intersected are at considerable distances from the stations, = 


there must be great difficulty i in ascertaining their precise situa- = 


tions from the appearance of the country. Under such circum- 
$tances their names Sometimes cannot 50 discovered: and it has 5 


C 3 
been found, that the best maps of which we are in possession, were 
by no means sufficiently correct to be of much service in that par- 
ticular. It is obvious also, without a very intimate knowledge of 
the interior parts of the country (of which it is impossible, in the 
present state of the Survey, we can be altogether possessed), there 
must be some difficulty to identify them, when their distances ex- 
ceed twelve or fourteen miles. We have; therefore, when such an 
uncertainty existed, had recourse to some intelligent person well 
acquainted with the country, by whom we have been informed of 
their natnes. In this respect we have to acknowledge the services 
of Mr. Gardner, chief Draftsman at the Tower, by Whose assist- 
ance, from his intimate knowledge of the county of Sussex, we have 
been able to determine, with certainty, the names of many places, 
which we might otherwise have considered as doubtful. Of the 
triangles here given, there is not much reason to believe there has 
been any misnomer; but, as there is not altogether a certainty 
that all are rightly named, or the objects actually intersected, we 
have prefixed a D to those we consider as doubtfuuu. 

It may be proper to observe, that in taking the angles, the moet 
defined parts of the objects have been selected, unless they were 
church towers without spires or pyramidical roofs, when the angles 
were taken to the middles of the towers. If the objects were wind- 

mills, resting (as they sometimes do) on great spindles, the obser- 
vations have been made to those spindles; but in other cases, | 
when the supports were undefined, the mills themselves were 
intersected. 
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Dictancts {of the Objects in Hifers2cted® in the Cour ft the RT: from the 
Meridiùns of Greenwich, Beachy Head, and Dunnose, respectivel y; 
and from the Perpendiculars to'those Meridians ; with their Wee 


yt at 851 Several Stations, ; fromthe Parallels to the omg mod bs 


1 Ins i 0 95 


298; Meri ian of Greenwich. 


POE — — 7 n SLIPS $28 7 r Gn: I... 
iin 1 1 n 


Ef nee from the Parallels to the Meridian | be . | ;Distances | Distances 


8 1 e enn * . > EI 1 . 
* Brighting. O tg 286110 7 | | Feet. 7p Feet i | 
Bexhill Church. .-.......- _ |. -29. 19 25. SE | 110956 | 2g0225 


Westham Church | 8 3 5 
Pevensey Church 
[Black Heath Windmill — 
INinefield Church 

Mountfield Church 


11 41 43 SW | 76392 240833 
9 56 o SW | 78214 240029 
87 6 34 NW | 73212 187407 
20 41 33 SE 97 216129 
78 10 9 SE 112221 193338 


© 
we | 
GO 
QO 
WY 
0 
. 
bra 
| (3) 
GO 


5 1 3 

FO" Ditchling Banne Ae 912 10, eee eee 

Chittingly Church = | 88 Fa 2 NE 15 46462 | 208369 
{Waldron Church = __ 60 43 18 NE | 41227 | 173423 
Firle Beacon Station 2 63 33 11 SE | 253332 | 235029 
Firle Church 1 635 24 o SE 20759 23096 
Jevington Windmill 62 8 5 SE 54978 252248 

Plumpton n 4 1; 34 2 NE. |. 162 11 209034, N 

Little Horsted Church - 70 53 38 NE | 21521 | 194326 
Spittal Windmill - ] 65 58 55 SE | 3690 | 218625 | 

Ditchling Church | 14 go 17 NW | 26325 209077 


Thakeham Church - 77 33 40 NW | 96831194295 
West Grinsted Church - | 6g 20 56 NW | 76612 | 184087 
Keymere Church =—- 1 35 37 57 NW | 29309 203304 
Bolney Church - [ g4 26 16 NW | 46539 | 178068 
 Slaugham Church - [ 24 48 29 NW | 47538 | 16046 
back House, Brighton | 2 28 47 SW | 23605 236511 

uckfield Church - ] 12 20 25 NW | g2711 | 172580 

Wyvelsfield Church - {| 6 29 54 NE | 215982 | 185011 
kärstpierpoint Church - | 55 o 49 NW | 41262 | 198504, 
— — 9 10 51 NE 17832 169199 


I", 


Vu 


[. 882 J 
5 een. fromithe Parallels e fn Meridian. Distances | Distances | 
| from merid. from perp. | 
"H Crowborough Beacon EE TR | Feet, | Feet. 1 
|Willington Church 14 31 53 SE | 36724. | 298159 
Homehurst Church - 70 4 58 SE | 90204 175142. 
Hailsham Church - | 20 4 48 SE | 60458 | 224245 
Dallington Church - | 51 17.56 SE | 32994 | 193493 | 
At Botley Hill. 
East Grinsted Church - | 1 14 6 SW | 1089 | 129041 
RRotherfield Church go 46 22 SE 50573 157520 
Mayfield Church 32 38 58 SE 60g00 166723 
Crowborough Gay 25 6 30 SE 38257 | 154192 | 
Bestbeech Windmill - | 41 42 55 SE | 7118g | 152539 
Fairden Tower - =—- | 4 11 47 SE 3448 | 117538 
Tatesfield Church - | 66 g1 44 NE 7422 69733 
Charlwood Church '- | 49 25 48 SW | 51866 117435 
Evelyn's Obelick - —[ 11 49 44 SW | 1c294 | 122847 
At Leith Hill. PTL: 2B . 
Firle Windmill  -—_ 40 18 35 SE | 21292 | 234831 
Beddingham Windmill 98 37 12 SE | 14819 | 284476 
Horsham Church - 11 54 25 SE | 75805 | 152405 
Farnham Castle - = 80 43 18 NW | 183432 | 9g669 
Euhurst Windmill - - | 86 21 g8 SW | 195293 | 111088 | 
Euhurst Church 62 16 42 SW 100845 118215 
[St. Martha's Chapel 4 63 45 21 NW Fan 91983 
| [Norris's Obelisk (Bagahot it 
Heath) 34 14 15 NW 168622 49407 
West TINY Church | 63 6 5 SE | 12367 | 146525 | | 
[Nettlebed - - | 48 12 55 NW 224159 38548 | 
At Beacky Head. 5 „ e | 
{Hurstmonceux Church | 21 26 48 NE | 76041. 225562 
5 „ e wag! Meridian of Beachy Head. 
At Chanctonbury Ting. Ws HS aA N 
Sleep Down 92 8 34, SE. | 19718g 42974 l 
[Brighthelmstone Church 64 14, 21 91923 — 892 
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ES 50 A . from the Parallels to the Meridian. Distances | Distances * 
| 800 Me VV from merid. from perp. 
8 At Chanctondiry ow. \ . Feet. ＋ Feet. 
Shoreham Church - = * 37 A SE | 121788 34490 
- [Southwick Church - | 54 55 go SE | 114471 | -g5161 | 
[Goring Church  - [ 20 14 11 SW 1358281 26132 
Bramber Windmill = | 75 17 59 SE | 125507 | 5238g | 


Findon Temple ' = — | 56 38 48 SW 157711, [ 50573 | 


140. Meridian of Dunnose. 


4 
— F <7 
1 : 1 


At Hee Head. E E Fan n 
Petworth Church = 28 4 IN! SE |} 135688 | 135394 | 
Kirdford Church = 50 50 28 SE | 149419 | 150447 | 

Wisborough Green Church] 5353 49 26 SE | 160414 | 1481041 | 


Billinghurst Church - | 61 20 7 SE | 172148 | 148322 
Rusper Church 76 5 55 49 NE | 211138 || 185404, 


At Hy Hill. . | I: 2 
 {Pulborough Church - 86 21 25 SE | 159482 | 124313 
Earl of Egremont's Tower | 8g 43 go NE | 128906 139903 


Bosham Church - 27 20 55 SE 78379 77027 
Selsea Church — — 31 37 | 53 SE : 100296 301 41¹ | 
Prinsted Windmill - | 15 54 28 SE | 64678 80914 


Del Key Windmill - 33 41 48 SE 88659 73781 | 
Horse-shoe Summer House 41 57 52 SW 26952 45327 


; 5 : Southampton Spire 73 45 14 SW | 47618 102722 
E '  [Selsea Windmill - 24 42 33 SE 91103 42649 
1 1 Flagstaff, Cer Har- . ET 
| bour = 9 34 59 SE | 62488 | 59596 

[Cackham Tower 16 1 52 SE 71823 | 50455 
| [|Selsea High House 24 40 58 SE | 91791 | 41045 
Bourn Church 135 55 58 SE 623546 88464 
|Ower Rocks 32 27 33 SE 122570 17687 


South Hayling Church - | o 51 26 SE | 531324 | 64727 
West Thorney Church - | 15 5g 8 SE | 67055 |. 72486 | 
Bow Hill Station - — 48 55 14 SE | 85116 | 100997 
St. Catharine's Light House| 27 54 46 SW | 24258 | . 9529 
Needles 1 House _ 5 9 27 SW, | . 86554 17045 


n 


C 568 3 


Bearings from * Parallels to the Meridian. 


Distances 


Distances 
from merid. | from perp. 
| "At Butser Hill. „ . 
Worsdley s Obelisk 25 7 34 SW |. 11607 796 
Ashey Down Sea Mark 24 6 10 SW | 2471 | 24292 
[Cowes Fort — — | 43 49 1 SW | 21998 | 33887 
Portsdown Windmill 24 15 6 SW | 30053 | 86262 
Clark's Folly =—- [10 4 351 SW | 42250 | 83825 
South Sea Castle N o a8 51 g6 SW | 25425 38361 
Portsdown Hill Station - | g4' 2 o SW | 20816 | 87565 
hm Windmill - | 87 o 38 NE | 141238 0 
At Rook's Hill. Pin | 
West Tarring Church . - | 7g 52 32 SE | 183568 | 76299 
High Down Windmill 5 72 3 14 SE 172934 77511 
Angmering Church = 69 38 4 SE | 164997 | 77159 | 
Pagham Church - = 1 25 13 SE | 104222 | 55757 | 
Bersted Church - = 27 7 47 SE | 121063 | 64595 
Clapham Church - = | 75 go 37 SE | 169507 | 82990 
Drink Church — — 20 27 27 SE | 110141 80477 
Felpham Windmill - 30 41 22 SE | 125546 61860 
Boxgrove Church - 40 11 21 SE | 112647 | 8854g 
Goodwood House- - 23 44 31 SE | 105966 | 92970 
Portfield Windmill - 5 6 41 SW | 1011235 81847 
[Chichester Spire - - | 16 47 40 SW | 96603 | 79801 
Harting Windmill - | 48 13 28 NW | 73678124438 
Sir H. Ferheratonhaugh $ 1 7 ie 
Tower 31 25 10 NW | 72732 124196 
Sir R. Hotham's Flagstaff | | 22 57 o SE | 120029 | 59477 | 
| At Dunnose. 5 8 I} | 
Kingston Church - — | 22 42 52 NE | 28294, 67591 
Horndean Church 21 8 22 NE | 43392 | 112223 
Porchester Castle — | 19 33 12 NE | 19950 80269 
Halifax Tower - - | g6 3 7 NE | 69517 | 95499 | 
Carisbrook Castle - 46 10 52 NW | 26478 | 25408 
Thorness Station 1 43 o 59 NW | 39207 - 42020 | 
Luttrell's Folly - - 23 © 44 NW | 29094 68302 
[Great Boat House- | 85 48 go NW 493011 43152 


. 
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_ Bearings from the parallels to the Meridian. 


| | Distances Di 


i... 


from merid. 
At Dunnose. 1 ene. 
Brixton Church - =—- | 78 388 12 NW 43878 
Calshot Castle | 18 52 8 NW | 235151 
Fawley Church '- = | 24 36 49 NW | 35350 
East Cowes Sea Mark - | 19 11 11 NW | 18008 
 |Bursledon Windmill - | 14 55 28 NW | 26904 | 1 
Hamble Church - | 17 29 36 NW | 273592 8 
{Hamble Saltern - - | 16 54 18 NW | 235702 8 
Governor Hornby's House 15 45 50 NW | 29448 |. 
Warblington Church - | gg o 58 NE | 54750 
Farley Monument =—<- 18 o 4 NW | 49640 | 
Portsmouth Church — 19 9 40 NE 21835 
Academy 18 o 24 NE | 21579 
— Observatory | 18 6 10 NE | 21799 | 
Fareham Church - - | 3 37 55 NE 5488 
PpPorchester Church 13 55 50 NE 19762 | 
_ [Havant Church | go 29 33 NE | 301048 
At Dean Hill. ER : 1 5 
alisbury Spire | 68 52 9 NW | 136127 
Stockbridge Hill Station | 55 40 12 NE | 5967g 
Winterslow Church = 12 5 5 NW | 109929 | 1' 
| At Four Mile-stone. 15 
N. Windmill, Salisbury Plain} 21 11 6 NW | 161506 | 2 
8. Windmill Siber, Plain] 28 56 44 NW | 167717 | 
At Motteston Down. £2 
Ramsden Hill Station = 65 47 6 NW | 141969 
Hordle Church - - | 60 14 32 NW | 93932 
Milford Church - | 56 51 27 NW | 90619 
Milton Church - - | 59. 39 31 NW | 107904 
Hurst Light House- 60 26 47 NW | 82272 
Hurst Castle —T | 60 12 16 NW | 81985 
Lord Bute's House 66 43 2 NW | 118g36 | 
Summer House, Kilminston. e eee eee 
Donn . 2m; 23 24 52 NE | 
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FS 


| Bearings from the Parallels to the Meridian. 


Distances 


Distances 


The bearings of the objects from the parallels to the meridians at 
the different stations, are inserted in the above table, in order that 
the numbers in the two last columns may be examined with greater 


237017 


| I from merid. | from perp. 
At Motteston Domu] r. , | Feet. | Feet. 
Sir J. Doyley's House 26 25 44 NW | 73731 37566 
Belvidere House Id 2 | 64, 55 39 NW | 117904, | - 46004, 
Sopley Church 63 44 46 NW | 189119 38118 
At Nine Barrow Down. Ea ES 
Wyke Church - 84 7 OO SW | 297397 | 4524 
Horton Observatory - | 8 43 26 NE | 175408 | 89196 
Branksea Castle [ g1 16 48 NE | 176067 | 26479. 
'Sywre Head = - |. 65 41 52 SW | 208018 2275 
Ringwood Church - 32 58 41 NE 137771 84242 
Moyle's Court Summer „ SG 
House - |. 32 26 58 NE | 1913948 | 93932 
Christchurch Tower - | 57 717 NE | 133429 42051 
Christchurch Head 63 14 46 NE 130030] 33992 
Poole Church 3 9 22 18 NE 183274 33743 
Pitt's Factory - = 57 21 10 SW | 200031 945 | 
Creech Barrow -=- = 83 o 5357 NW | 212045 | 9675 
Mr. Trenchard's Tower 21 37 45 NW | 208946 | 59407 
Obelisk, near Milbourn 51 19 18 NW | 249123 | 55619 | 
Fordington Church = 72 30 7 NW | 285016 | g7g0g 
Dorchester Church = 72 30 4 NW | 286911 | g7901 
1 Tower - = 24 20 6 NW | 267938 | 189957 
At Beacon Hil. | | . 
Amesbury Church - | 73 39 50 SW | 134320 202589 
Summer House, Martincel > N 3 
8 — 7 28 54 NW 128928 273974 
Everley Church | 3 20 10 NE | 116677 | 243419 
Stone Henge — * 86 16 7 SW | 143950 | 205202 
Old Hartford Hut | 69 22 24 SW | 151795 | 194850 
Clay Hill, or Copt Heap | — 54 8 NW 213133 
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facility. The method of obtaining them is amlar to that in N 59. 
and 130, thus 
At Beacon Hill, the bearing of Clay Hill is 855 54 8“ NW; this, 
l with the distance between Beacon Hill and Clay Hill, give 116916, 
| and 8376 feet, for the distances of the latter place from the parallels 
to the meridian of Dunnose, and its perpendicular. But the dis- 
tances of Beacon Hill from that meridian, and perpendicular, are 
120101 feet, and 206757 feet; therefore 120101 + 116916 = 237017 
feet, and 206737 + 8376 = 215133 ſeet, are the distances of Clay 
Hill from the meridian of Dunnose, and its perpendicular. 
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Latitudes and Longitudes of the intersected Otyects. 


141. Tae and Longitudes of ouch Places upon the Sea Coast, and + 
near it, as have been referred to the Meridian of Greenwich. 


„ Longitude from Greenwich. 
Names of objects. {| © Latitude. | | 
| | | Bann. | Io time. 
| | : 0 8 3 I 1 
Bexhill Church - 30 go 46.7 | 0 28 43.3 E 1 549 
Pevensey Church 50 49 11.9 | o 20 141 E 1 20.9 
MWestham Church - 50 49 4 o 19 45.8 E 1 19 
 [Willingdon Church - | go 49 g1.2 | 0 14 40.6 E o 38.7 
Jevington Windmill - | 30 47 12.3 | © 14 12.8 Eo 56.9 
Firle Beacon Station 50 50 2.7 o 6 33.3 E o 26.2 
Firle Windmill - 50 50 4.80 5 30.6 E o 22 
Firle Church — 50 50 42.9 | oO 5 22.4 E 9 21.5 
Beddingham Windmill | 50 5o 8.3 o 3 50.1 E|o 13.3 
Hailsham Church 50 51 48.2 | 0 15 39.3 E 1 2.6 
pittal Windmill - 30 32 447 |o 1 28.3 W o 26 
n 2 Brighton 50 49 48.1 | © 6 28. — W o 23.9 


142. Latitudes and Longitudes of such Places upon the Sea Coast, and near it, 
as have been referred to the Meridian of Beachy Head. 


— — 8 


wack. b _— 


= bd 4 — _ — 
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4 


Longitude west of 


GR ons | | | Longitude | zreenwich. 
Names of objects. | Latitude. west of | | 

A eta nd os BT Beachy Head. | In degrees. In time. 

| | | | $04 5 u - WP. OY a IN. 8. 
Brighthelmstone Church - -< | 50 49 32.2 | o 27 7.1 o 11 55.2 | O 47-7 
Southwick Church ( Susse * - | 5050 6.6 | o 29 32.8 0 14 20.9 | © 57.3 
Shoreham Church 0 49 5945-10 31 31 o 16 19.1 | 1 5.3 
Bramber Windmill << - 50 52 55.7 [o 32 30.8 o 17 18.9 | 1 9.3 
Sleep Down Station 50 51 22.1 | o 35 31.1 o 20 19.21 21.3 

Goring Church - 50 48 34.2 0 40 56.5 o 25 44: 1 43 
Findon Temple ] 50 52 15 o 40 50.8 o 25 . 2 42.6 


| 143. Latitudes and Latrine of such Places upon the 305 Coast, and near it, 
1 7M have been res to the Meridian Ld Dunnose. 


_ 
— r r 4 * 


EY | Longitude west of 
: | Longitude from Greenwich. 
Names of objects. Latitude. Dunnose. | | 5 
1 | 5 . In degrees. In time. 
| | 0 7 1 8 1 u 8 msS. | 
West Tiriiog Suach — -.:: 1$0:40:20;5:1 48 1 EE]. © 24 38: I 34.3 
High Down Windmill . - [50 49 42.9 | 0 44 45 E o 26 51 [| 1 47.4 
. Church. n  - _ | 50 50 37.3 | 0 43 52.6 E| o 27 4344 | 1 50.9 
[Angmering Church — 50 49 40.3 | 42 40.8 E | o 28 55.2 | 1 55.7 
Felpham Windmill - - [50 47 12.7 [o 32 27.6 E| o 39 84 |2 366 || 
Bersted Church - - 50 47 39.4 [0 31 18.2 E | o 40 17.8 | 2 41.2 
Gov. Hornby's House [ 50 50 461 [|o 6 4.2 W 1 17 40.2 | 5 10.7 | 
Sir R. Hotham's Flagstaff — 50 46 49.6 [0 31 1.7 E o 40 34.3 | 2 42.3 
Oving Churecn — 50 50 17.3 | 0.28 30.4 E| o 43 5.6 | 2 52.4 7 
Pagham Church 1 50 46:14 26 561 E o 44 39.9. | 2 58.7 | 
Chichester Spire - — : FO 5011,40 2 o. 1 E o 46 35,9 3 6,4 | 
Selsea Church J] 50 45 18.8 | o 25 547 E| o 45 41.3 | 3 2.7 ; 
elsea High House - --, {50 43 49.6 [o 23 42.2 E | o 47 53.8 | 3 11.5 
Selsea Windmill - - 50 44 5.4 [o 23 31.6 E o 48 44 | 3 12.3 
el Key, or Dalkey Windmill - [50 49 12.5 | o 22 56.3 E | o 48 39.7 | 3 14.6 
osham Church — 50 49 45 o 20 16.9 E O 51 19.1 [3 25-3 
Cackham Tower — — 50 46 22.4 [0 18 33.7 E | o 53 2.3 | 3 32-2 
West Thorney Church - 50 49 0.7 | 017 208 E| o 54 15.2 | 3.37 
Prinsted Windmill - - 50 50 23.9 | 0 16 44.4 E [o 54 51.6 | 3 39-4 
Watch House, Chichester Harbour | 50 46 53.8 | o 16 8.3 E| o 55 27.7 | 3 41-8 
West Bourn Church 5 Fa 50 51 38.4 | 0 16 11.7 E o 55 24-3 | 3 41-6 | 
Warblington Church - " 50 50 57.1 [o 14 10.4 E | o 57 25.6 | 3 49-7 
South Hayling Church - 50 47 44+7 O 13 16.1 E | o 58 19.9 | 3 53.3 | 
Clark's Folly - - 50 51 13 o 10 56.3 E| r o 39.7 | 4 2.6 | 


| |  _ Longitude west of 
| Longitude from |. _ Greenwich. | |} 
Names of objects. Latitude. Dunnose. 4 
| | 3 ff 8 | v7 I | In degrees: In time. 
| : EY ET. o „ 1 e m. 8. 
umberland Fort - 15047 20.8 [0 9532 EI 1 143 | 4 6.9 
ingston Church - 50 48 135 [o 7 19.1 E| 1 4 16.9 | 4 17.1 
Havant Church -. 50 51 5.4 |o 12583 E o 58 37.7 | 3 545 | 
Portsdown Windmill - = 50 51 17.6 [0 7469 E| 1 3 49.1 | 4 15.3 |. 
Portsdown Station = - 50 51 350.6 [Jo 5 23.4 E| 1 6 12.6 | 4 24.8 
Portsmouth Church - 190 9 410.5105 ,., . 838 1] 
Portsmouth Academy - 15048 1.60 5 347 EI 1 ? 1.3 | 4 24.1 
ortsmouth Observatory - 50 48 2g9jo 5 37.3 E| 1-5 58.7 |-4 23.9 
South Sea Castile - 50 46 42.5 0 6 34.3 E 1 5 1.7 | 4 20.1 
Porchester Church = - 5o-56 12.7 lo 5 6.9 E| 1 6 29.1 | 4 25.9. 
Porchester Castle 50 50 18.60 5 og E| 1 6 35.5 4 26.3 
Fareham Church - 50 51 19.8 % 1 25.3 E| 1 10 107 | 4 40.7 | 
Hamble Saltern - - o 51 o0o9|o 6 39.2 WI 118 15.2 | 5 13 
Hamble Church - 50 51 30.30 7 8.6 WI 1 18 44.6 [5 15 
Calshot Castle - —5o 43 12.7 [0 6 29.6 WI 118 5.6 | 5 12.4 
Luttrell's Foll - 50 48 22.5 | o 7 31.5 WI 1 19 7.5 | 5 16.5 
Fawley Church 50 49 477 [0 9 84 W 120 444 | 5.22.9 
Hurst Castle - 50 42 23.40 21 9.5 WI 1 32 45.5 | 6 11 
Hurst Light House - | 50 42 23-4 | oO 2114 WI 1 32 50 6 11.3 
Ashey Down Sea Mark = 50 41 6.80 o 382 E 1 10 57.8 | 4 43.8 
East Cowes Sea Mark - - {150 45 37-5 [0 4 392 WI 116 15.2|5 5 
West Cowes Fort = - 50 46 18.20 5411 WI 1 17 17.1 | 5 9.1 
St. Catherine's Light House | 5o 35 33.1 |o 6 147 W| 1 17 50.7 | 5 11.3 
eedles Light House - 50 39 53.20 22 19.2 WI 1 33 55.2 | 6 15.7 
Milford Church = 50 43 41.7 | 0 23 23.9 WI 1 34 599 | 6 20 
Milton Church - [5044 55-2 |027 524 WI 139 28.4 | 6 37.9 
Hordle Church - 50 43 41.2 [0 24 46.5 W 1 36 22.5 | 6 25.5 
Lord Bute's House - 50 44 14-5 | 0 30 33.7 WI 142 9.7 | 6 48.6 
Christchurch Head - 50 42 57.3 | © 33 34-5 W 145 10.5 7 o. 7 
Christchurch Tower - = 50 43 56.8 | 0 34 27.4 W 140 3.4 | 7 4.2 
Ramsden Hill! 50 46 7.5 o 36 32 WI 148 8 7 12.5 
Castle, Branksea Island - ] 50 41 19.5 [0 45 25. WI 157 1.5 | 7 48.1 
Poole Church — 50 42 50 o 47 18.5 WI I 58 54.67 55.6 
Flag- staff, Mr. Pitt's Factory ] 50 36 46.5 0 51 31.9 WI 2 3 7.9 [8 12.5 
Creech Barrow < - 1|50 38 9.8 [o 54 38.9 WI 2 6 149 |8 25 
Barrow, Swyre Heat - | 50 36 32.4 | 0 53 348 WI 2 5 10.8 | 8 20.7 
Boat House - 150 37 37-9 [0 11 49 WI 1 22 409 | 5, 30.7 | 
Wyke Church 50 35 57.5 | 1 16 342 WI 2 28 10-2 [9 52.7 
Brixton Church - 50 38 37.6 [0 11 492 W 1 23 252 | 5 33.7 
Horse- shoe Summer House 50 44 34.20 6 57.7 WII 18 33.7 | 5 14.2 
Sir R. Worseley's Obelick - 50 36 59.5 | o 2 59.4 WI 1 14 3544 | 4 58.3 
Ower Rocks - 50 39 5743 | 0 31 36.5 EI o 5 | 2 40 


( & 1 
2 
144. Latitudes a Log tdb of those Places remote es the Sea coast, 
er ao die to "we Meridian of Greenwich, 
3 VVV Longitude from Greenwich. 
J % . 
Als n Do a In degrees. In time. 
| TS Þ 0 £72 : 3 ELD m. 8. 

kast Grinsted Church 4 I5t 9259 | © 0162 K o 11 
Fairden Tower = Ba 1.4 on Of ACRE GERT o o 53.9 E o 3.6 
Tatesfield , r | 0 1 3648-7 0-549 
Evelyn's Obelisk, Felbridge Park eine 88.9 o 2 40.9 W | 8 10.7 
West Hoathly * 4 „ 0 = 54 2354 | | © 4130 o 12.9 
Plumpton Church . 0} | 59 54 19.1 o 4 12.1 W | o 16.8 
Iii — . $7 5h. gn: * o 4 38 W | o 18.5 
|Wyrvelsfield Church gn ] 50 58 16 o 5 36.3 W o 22.4 
Little Horsted 3 „„ + 9 1} THIS CST at o 1 % 
{Ditchlin eee Ct” is $1 G07 55: 17.8 0 649.5 W 0 27.3 
Keymer Church - © s | 4 +5055 13.0 o 7 35.9 WI o 304 

Cuckfield Church 4 {41 %%% ĩ 6:.48-3 o 8 29.8 W | o 34 
{Waldron Church +0: g* 1 pd , 
|Crowborou zh Chapel f . ̃ ß 
Fiurple point „„ TTT / - 0448 
„„ * a 7 EN)! HE ef eart3s 9 11 47 © Er 0 47. 
Bolney Church % | LL NESTED” d 125 W o 48.3 
„5, „ö ß gy $18.5" 0 12 21.4 W | 0 49.4 

| ſRotherfield Church - = [ 51 2 463 [0 13 88 E | og2. 

_ {Clurinogd Charth * oo © EA 5 gi 21.5 o 13 30.1 W O 54 
J..... OR ENG] 3h Hugs 0.15 10 ͤ— f+ 0: 27 
[Homehurst Church ] 5059 50 o 23 25-5 E [133.7 
1Bestbeech Windmill ' - | =  - | 7 3 348 o 18 30.7 E | 1 14 
{Blackheath Windmill (near Heathfield) | 50 57 509 o 190 E-:| 116 
i Horsham Church - - W | ST7* 3-30” 0 19 42.7 W | 1.18.9 
{Hurstmonceux Church J 34.6 o 19 41.7 E 1 18.8 
West Grinsted Church ONES} ES oy 33.5 | © 1953.2 I 19.5 
i Dallington Church 55 1 L A? — I 50 56 50.4 o 21 31.8 E 1 26.1 
{Ninefield Churck 0 > << 2 > VVT I 41.4 
Thakeham Churth 5 V o 25 7.1 W 1 40.5 
Euhurst Church . „ 0 26.16.65 W I 45.1 
Euhurst Windmill c ey « Of (58 | 5 o 27 26.9 W | 1 499 
|Mountfield hh be I 3 56 50.4 © | 0 29 6.7 E 15 
St. Martha's Chap el 1.8 3 = 1 YES T2200 o 3133.1 W [ 2 6.2 
Norris's Obelick © UM 5 20 24.8 0 44 7 W | 2-565 
Farben lee [1 13 6.9 o 47 532 W | 3 11.5] 
[Nettlebed Station _ . 51 34 45.1 [0 58 57.1 W | 3 55:8 
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145. Latitudes and Longitudes of those Places remote from the Sea Coast, 


x 


. which bave been referred to the Meridian of Dunno. 


CO PIO OO En TIA" "RAN CAR TD RED DPI — 3 "mm rere x » 5 
: | Longitude west of 
7 | ; I Longitude from Greenwich, © + 
Names of objects., Latitude, | Dunnose. ; X SE 
| NO | 5 In degrees. In time. 
e . = FO DERBY? "OO LOR LT . a m. 8. . 
Rusper Church S 7, oa 51 7 22. E | © 16 36.9 [ 1 6.5 
Billinghurst Church - 151 1 20. E o 29 $2.1 | 1 47.5 
PPulborough Church - {| 50 57 25.5 E o 30 13.6 | 2.0.9 
Church — 21451 1.441 E o 32 46.1 | 2 11.1 
Petworth Windmill » — J 50 59 22.5 [0 ; Kit. © 3453+ 2 19.6 
{Petworth Church - {| 50 59 17 2 E{ 0.30 265.1. 8:85.71 
Earl of Egremont's Tower 51 O 19 [o 33287 E| o 38 7.3 | 2 32.5 
 {Wisborough Green Church - {| 51 1 20.1 | Eo 29 85 1 $9.7 
Boxgrove Church = © < =» | 56.51 36.7 [0 E o 42 25-9 | 2 49.7 
{Portfield Windmill - -. ; 4:50-$0-31.4 | © E 0 45 255 | 3 17 | 
Rook's Hill Windmill +» =< | 50 53 17.2 | © E. o 46. 47-1. | 3. 3-1 
Halifax Tower =. | 50 52 47-5 | © E 053 35.6 | 48.8 
Goodwood House n ie E | 44 943 | 2 56.0 | 
Bow Hill Station | 50 53 40.4 | © E o 49 32.7 | 3 18.2 
arting Windmill - - .- +80 $2.327 | 9 E 0 51 5748 | 3 27.8 
ir H. Fetherstonhaugh's Tower | 50 57 30.3 | o E o $2.43-7 1 3 30.9 
orndean Church 4: Jj$0.06-23923 16 E I 1:,0.20-9.4 4,14 
outhwick Church (Hants) - | 5o52 27 oO E| 1 6 2443 | 4 25-6 | 
Summer House, Kilminston Down 51 O 58.5 |o E 1 10 45˙2 | 4 43 
Carisbrook Castle ;- „ 60 41-174 1 © WI 1.138 25.9 | 5 13.7 
Bursledon Windmill « — | 50 53.42.3 | © W |] 118 343 | 5 14.3 
Thorness Station 0 - | 5044 1.1 | © n + 
Farley Monument 51 2 128 | © W | 1 24 30.1 | 5 38 
{Southampton Spire - » - | 50 53 595 [o WI 1 23 56.4 | 5 35.8 
Stockbridge Hill Station $3. 0.5868 1 ©: W |. x 25. $2: 5 48. 
Sir J. Doyley's House = 50 46. 33.3 | © WI 1 30 3944 Sd. 
{Winterslow Church = -:\ #-$1..8-2397 | © W] 1.40. 3. | © 402 
Belvidere House = - | 59.44 30.9 | © WI I 42 3.3 | 6 48.2 
Everley Church = CF 1 5-3 6 48.3 
Ringwood Church - 50 50 58 [o Wi 14743 7 9.1 
Summer House, Martincel's Hill | 51 22 3.6 | © % 35 „ 
[Summer House, Moyle's Court - 50 52 48.2 | 0 "WF 1} 145 a90:47 5: 
 JAmesbury Church - 51 10.18.9 | © W 146 368 | 7 6.5 
Salisbury Spire | - | 51 3.489 | o W | 1747 i08.17..5 
JSopley Church - 50 46 347- | © W | 1747 335 | 7 102 
Stonehenge - | 51 10 44-3 | © W149 787 16.5 
Old re Hut — 151 9 1.8 | o 5 = 1 $1 $.1+| 7 24-5 
JS. Windmill In ga; e 10 1 1 3.27 34.9 
IN. Windmill) on Salisbury Plain 51 12 3. 0 W . 3 2 7 44 
Horton Observato - + "00 $3 $7.94 35% 143 | 7 48.1 
Mr. Trenchard's Tower — 50 46 40.5 | © W| 2 5 36.5 | 8 22.4 
Clay Hill, or Copt Heap = £1 12 14 I W-| 2 193 26.8 | $'53.7 
Alfred's Tower — Enn WI 2 21 21.8 | 9 25.4 
| Milbourn Obelisk «© — 43 6 5 W.| 2 15 58.89 3.9 
Fordington Church - - | $0.43 $2.3 | 1 W| 2 25 11.5 | 9 40.7 
Dorchester Church - _ - | 20 43. £557 | 1 WI 2 25 4019 42.7 


d * 1 
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Height ef: ihe Stations ; 7 and Terrestrial Refractions 


146. Kiba. and Depressions. cod) 
4 unge- Hill. 


* . 


The Sub at St. Alli Hill depr. 4 LY 
at Banstead elev. 1 9239" 


At St. Ann 5 Hil. 22 


The ground at Bagahof Heath elev. 1 11 23) 8 80 5 
at Banstead elev. 10 2 > fold: the axis of the tele- 
at Hanger Hill depr. 6 18) 2 e " * 
The top of the flagstaff near 
Hampton Poorhouse depr. 12 54 
: N. B. The — was about ere 


Near Hampton Poorbouse.” 3 


The ground at St. Ann 8 Hin eb . 8 17 [nstrument on the 1995550 
nee 3666 feet bigh+ 71 Hie bn 


The ground at Leith Hill f "lev. = 29 ns 
at Shooter's Hill depr. 11 FB DOSS OB | 
at St. Ants Hill dept. 22 9 W half <affold : the 
at Hanger Hill depr. 22 35 = EE Joi E 

The top of the flagstaff at 8 i * 


Botley Hill e 0H ele. 18 0 The stuff about 29 feet high. 


* s 


”- 


1 842 ] 
At Leith Hi U 


The top of the flagstaff 9 1 
Buanstead depr. 55 57 The £2 Mir 71 foet 
ol the flagst. at Botley Hill depr. 8 4 _ 
The ground at Hind Head depr. 8 28 
at Crow borough Beacon depr. 13 5 
at Ditchling Beacon depr. 12 34 
at Chanctonbury Ring depr. 1}. 100 e s 
The horizon of the g ea Ratet 4: 
through Shoreham Gap, | 
on July ad, 1792, at 1o in 
the forenoon. = £55 Arr. 30 LE 53535 
The top of Severndroog Castle depr. 22 ©. Nb 


N. B. The axis of the telescope when at Shooter s Hill, was 1 
291 feet lower than the * of the Castle. 8 | 


The ground at Leith Hu ho 2 35 
at Banstead 8 elev. 0 15 


On ene Heath. 


The ground at Hind Heid eb 10 gy = 5 
at St. Ann's Hil depr. 12 30 


At Hind Head. 
The 5 at Leith Hill | depr. 2 59 


at Chanctonbury Ring depr. 11 11 
at Rocks Hi - dr. 14 1 
at Butser Hill -- depr. 5 1 

at Bagshot Heath  depr. 2g 12 


4 * 
» —y FIR 


at Highelere — —— depr. 10 42 


- — Fm — 


On Rook's Hill. 
The ground at Hind Head _ elev. 3 9 9 Fe 
at Dunnoze © depr. 7.91 
at Butser Hill  _. elev. 7 2g 
at Chanctonbury Ring depr. : 35 ä 
"AL ß 1 4. 
at Portsdown © < |  depr. 16 22 1 5 


Ha of the sea, in the Di. 
rection of Chichester spire, 
about noon on Sept. 2, 1792, depr. 25 go 


At Butser Hill. 


The ground at Highclers depr. 9 29 WM 
at Hind Head =— depr. 4 44 £1 
at Motteston Down depr. 15 27 

at Dunnose depr. 12 30 

. Tip of _—_— at Rook's Hill debr. 15 6 The staff 20 feet high.” 


A Chanctonbury Ring. 


The ground at Rook's Hill depr. 10 46 
at Hind Head depr. 4 20 
at Leith Hill depr. 1 1g 


at ! Head * 16 27—0n the half scaffold : the 
axis 20F feet * 


4. 1 5 


The ground at Nine Barrow 

Down = . depr. 15 87 
at Dean Hill depr. 17 24 
at Rook s Hill _ depr. 12 8 
at Butser Bl Arr. 6 4 


On Ditchling Beacon. 
P ground at Leith TTY i > 4 96 _ . : 


| The ground at Beachy Head þ> % 4 Stora). 36 


at kk Ing Windmill . depr. o 49 3 at the Wind. 


mill is about 4 feet higher than the AXIS is of t the telescope when | 
at Brightling. 4 


. On Brighttng mid. 2 


The ground at Fairlight Down depr. 6 - 
at Beachy Head = _. depr. 


at — 8 r. Fi 20 


At „ Beacon. 
The ground at Leith Hill depr. 
at Brightling Windmill depr. 12 21 
at Botley Hill _ 5 1 


4A 2 Head. 


A i; at Fairlight Down abr. 3 17 
at Brightling Windmill depr. 1 48 
at Chanctonbury Ring colt 5 6 


N „ At Dean Hill. 


The a at Highelere 5 elev. 0 4 | 25 
at Beacon fil oy lev. 4 47 
at Wingreen 5 elev. 65 ; "$7 
at Dunnose — 7 8 


14 


cs» 2 T * pe 


dee Fl 


The ground at Highdlere & depr. 015. 972) BW. 
. at Wingreen depr. o 0 1 hats | 
at Dean Hill depr. 13 13 | 


4 t Highelere. 


The ground a at Hind Head depr. 10 42 
I at Butser Hill depr. 9 26 

at Dean Hill depr. 18 12 

at W depr. 1g 15 


0 Nine Barrow Down. 


The ground at Wingreen depr. 1 20 8 
at Dunnose depr. 10 1 
The sea in a south direction, 


about noon, April 11, 1794 depr. 24 16 


At Wi ingreen. 


The ground at Beacon Hill depr. 13 30 
at Nine Barrow Down depr. 17 40 

at Dean Hill - _ depr. 20 19 
N. B. The axis of the telescope was always about 54 feet from the 3 * the 
contrary is specified. And it is also to be noted, that 6“ must be subtracted from 


the elevations, and added to the depressions, on account of the error in the parallelism 


of the line of collimation of the telescope, and the rod attached to its side, * 5 
which the level is _ | 


147 Height of the Station at Dunnose. 
With a view to obtain the heights of the stations nearly, from 
; their elevations or depressions, we determined the he icht of that 


L363 5 
at Dunnose above low water, in May, 179g, by levelling down to 
the sea shore near Shanklin, a distance of about a mile. Instead 
of a levelling telescope, we made use of the transit instrument, 
which, on account of its very accurate spirit level, seems extremely 
well adapted for the purpose. Two circular wooden platforms 
were provided, broad enou gh for the feet of the transit stand; 
these platforms rested on pegs driven into the ground, and were 
always made horizontal at the time of levelling, by means of a 
mahogany spar, or straight-edge, furnished with a spirit level. 
The graduated rods, of course, were constantly set vertical on the 
lowest platform, while the transit stood on the other. 
The ground is favourable enough down to Shanklin Chine: this 
is a large deep chasm, opening to the sea; but the descent is not 
so sudden on the western side, which is by far the steepest, and to 
which we levelled, but a person may get up or down with safety. 
We found its perpendicular height by means of several rods placed 
end ways against the sloping side, and supported in an horizontal 
position, and then letting fall a measuring tape from one rod to 
another: but this was the most troublesome and difficult part of 
the whole operation. The fall from the bottom of this chasm or 
opening, to the water's edge, was found in the usual manner. 
The whole perpendicular descent thus determined, was 79a feet; 
which, we have no reason to suppose, is more than 2 or 3 feet wide 
of the truth. We finished at low water on May 10; and therefore 
the height of the station above low water at ring tides will, no 
1 doubt, be a "ou few feet more. | | 


148. Heights of Rook's Hl and Butser Hill. 
{2 ground at Rook's Hill - =— depr. 12 14 


3 at Butser Hill ED 3 l 6 10 
At Rook's the ground at Dunnose 7 e ee ns 1. 7 37 
Hill 2455 at Butser Hill 


F i 8 b 7 2 83 a 4 
: . - : - 
4 as e & 3 " &. * 3 
$76. 


by 357 + 


5 At h Butser f the ground at Dunsesese . depr. 12 36 
Hill top of the flagstaff at Rook's Hill - depr. 15 12 


Dunnose and Rvok's Hill 2J 31 


Dunnose and Butser Hill 2g g contained ars nearly. 
Butser Hill and Rook's Hill 9 49). 


Hence, the mean refraction between Dunnose * Rock 's Hill 
will be found 1' 58”; between Dunnose and Butser Hill 2' 16”; ml 
between Butser Kill and Rook's Hill 473 - Which are about P. =, 
II of the contained ares respectively, as in the table. 
Buy the observations across the water, the ground at Rook's Hill 
would be 97 feet lower, and that at Butser Hill 132 feet higher, 
than Dunnose; the sum is 229 feet for the difference of heights of 
Butser Hill and Rook's Hill, obtained in this manner; but from 
the reciprocal observations, the ground at Rook s Hill is only 20g 
feet lower than at Butser Hill, which | is less than the former dif- 
ference by 20 feet; therefore, supposing each of the mean refrac- 
tions to have el. an equal error in the heights, we have 


792 — 97 mY 2 == 570 ſeet, for the height of Rook's Hill; and 


792 + 192 — 2= = 917 for that of Butser Hil. From those two 


3 the others i in the following table have been ob- 
tained (the stations to the westward of Dunnose excepted) by 
taking a mean of the heights as derived from different routes. 


Those distinguished by an asterisk, were found by taking z of the 
contained a arcs for refraction. 


149. Tuble containing the Het ights of the Stations. 


8 | Ground above 
low water. 

3 Feet. 
e 79 
Rook s Hill — 702 


Oo mY : 
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Stations. ; „ 


Butser Hill =. 


Hind Heal 


Botley Hill 1 3 


np Banstead — 
Shooter's Hill —- 


| Chanctonbury Ring 
Leith Hill!!! 

Ditchling Beacon 
Beachy Head | - 
Fairlight Down = 
Brightling Down = 


Crowborough Beacon 


Hanger Hill! 


King's Arbour = 
Hampton Poorhouse 
St. Ann's Hill! 
Bagshot Heath = 
Dean Hill py 


Beacon Hill! 


Old Sarum Bs 
| Nine Barrow Down 
_ Highdclere . 


| Wingreen = = 
Motteston Down -. 

| Bow Hill 2 - 

| Portsdown Hill - 


+ Gronnd, above 
lou water. 
Feet. 


917 


9g 
| i he. 

n 
858 5 a 
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1 150. Table 15 the mean  Terrextr al agu. | 


Between SY OA. Oe Mean Refraction. | | x 
7 of the contained a arc. 


| Banstead and Shooter” S Hil — 


St. Ann's Hill and Hampton Poorhou se 
= Brightling and Beachy . 

Beachy Head and F airlight Down. - . 
Dunnose and Butser A 


Highclere and Butser Hill FI 


Butser Hill and Hind Head | . = 
Beachy Head and Chanctonbury Ring 
Highcelere and Hind Head 


RNook's Hill and Dunnose . — al? 77 


Leith Hill and Hind Hes 


' Bagshot Heath and St. Ann's Hill - 


Dean Hill and Beacon Hill _ | 
St. Ann's Hill and Banstead — 


Dunnose and Nine Barrow Down = 


Leith Hill and Crowborou rhe Benoon 
| Rook's Hill and Hind Head 


Rook's Hill and Butser Hill!!! 


Dunnose and Dean Hill v? 
A Dean Hill and Wugren 1 Te 
: Brightling and Fairlight Down 


Leith Hill and Chanetonbury = 1 
Leith Hill and Shooters Hill 
Brightling and Crowborough Beacon 5 


Hanger Hill and Bansted 


- Hanger Hill and St. Ann 's Hill 4 
Leith Hill and Banstead N 


Beacon Hill and Widgreed -- En 
N y 2 


" 1 4 9 3 4. 4. + . +. 4 4 1 + 8 


* 


„ EG] 
Batween Mean Reaction; 33001 
vr of the contained; Arc. 


Rook's Hill and Chanctonbury Ring 

Nine Barrow Down and Wingreen = 

Leith Hill and Ditchling Beacon = ya 
Mean of all the above, nearly - © = 85 
Leith Hill and the Horizon = 5 

Rook's Hill and the Horizon = 177 pr 
Nine Barrow Down and the Horizon © £3 
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151. The Higher 6 of the den at the tation onst. ae Hill, 
(149.) is 240 feet; but in the table, p. 180, it is g 1 fest: this very 
great disagreement, however, principally arises from the variable- 
ness in the terrestrial refraction. ' At Hampton Poorhouse, when 
the instrument was at the same height above the ground, the differ- 
ence in the elevations of the ground at St. Ann's Hill ra to 
have been no less than 9' 28”, (p. 181). General Ray took g of 
the contained arc for the effect of refraction, and considered the 
height of St. Ann's Hill, when deduced from that of the station 
near Hampton Poorhouse, as more accurate than could be ob- 
tained by way of the station at the Hundred Acres. But, previous 
to the Survey in 1787, he found by the barometer, that the station 
on St. Ann's Hill was 200 feet higher than the Thames at Shep- | 
perton; and he added gg feet for the decent to low water at the 
sea; the sum is 233 feet, agreeing nearly with our determination. 
We take the height of Botley Hill (890 feet) a mean of 900,885,885, 
which the observations at Leith Hill, Banstead, and 'Crowborough 
Beacon respectively produce, by making use of #; of the contained 
arcs for refraction: this height of the ground exceeds that deduted 
from the e p. 179 — 21 = = 859) by 'g1 feet: but wo ure 
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not certain of its being nearer the truth: only it may be remarked, 
that between the several stations from: High Nook to Botley Hull, 
in the same table, the mean refractions are very great. 5 


From the reciprocal observations at Leith Hill, Banstead, and 
| Shooter's Hill, the height of the last station is 446 feet, which is te 
same, in fact, as that obtained in the following manner. General 
Roy found by levelling, that the floor of the upper story of the 

Bull Inn at Shooter's Hill was 444 feet above the Gun Wharf at 
Woolwich; and he allowed 22 feet for the fall to low water at the 
sea; the sum is 466 feet. In 1794, we levelled from the Inn to the 
Station, and found the latter 21 feet lower than the floor, which 

; _ from 466, there remains 443 feet for the Station's height. 
Pa hens this consistency, and also that 1 in the height of 
St. Ann's Hill, found by different methods, it is evident from the 
> wats at Dunnose, Rook's Hill, and Butser Hill, that rela- 
tive heights deduced from elevations, of depressions, cannot always 
be depended upon to less than about 10 feet, even supposing those 
W are the means of two or three independent results, except, 
perhaps, reciprocal observations were made exactly at the same 
| time. The very great difference in the observed elevations of St. 

Ann's Hill, proves that no dependance can be placed on single ob- 
Servations. - But that was not the only instance; for, at the station 
on Rook's Hill, we found the depression of the ground at Chanc- 
tonbury Ring, vary from 141“ to 2! go”. The observations, how- 
ever, on which the tables are founded, were made in close cloudy 
days, or toward the evenings, when the nn. motion in the 
meer 8 cron dry | 
It has been conjectured, that the variations in e 8 
tion, depend on the changes in the atmosphere indicated by the 
barometer and thermometer: this, however, cannot be the case 
when the rays of light pass near the earth's surface for any consi- 
derable distance. M. De la Lande, in his Astronomy (Art. Terrest. 
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Ref.), remarks, that the mountains in Gerd are zometimes Seen 
from the coasts of Genoa and Provence, but at other hours on the 
same days, they totally disappear, or are lost as it were in the sea. 
And the late General Roy frequently mentioned an instance of 
extraordinary refraction, which himself and Colonel Calder wood 
observed on Hounslow Heath, when they were tracing out the base. 
Their levelling telescope at King's Arbour was directed towards 
Hampton Poorhouse, where a flagstaff was erected at the end of 
the base; this for a long time they endeavoured in vain to disco- 
ver, till at last, very unexpectedly, it suddenly started up into view, 
and so high it seemed to be lifted, that the surface of the ground 
where it stood became visible. This will appear the more extra- 
ordinary, when it is considered, that a right line drawn from the 
eye at King's Arbour to the other end of the base, would pass 8 or 
g feet below the surface of the intermediate ground near the Duke 
of St. Alban's Park. The following is still more singular. Job- 
served, says Mr. Dalby, what seemed to me a very uncom- 
mon effect of terrestrial refraction, in April, 1793, as I went- from 
Freshwater Gate, in the Isle of Wight, towards the Needles. 
Soon after you leave Freshwater Gate, you get on a straight and 
* easy- ascent, which extends 2 or 3 miles; a mile, or perhaps a 
* mile and an half beyond this to the west ward, is a rising ground. 
or hill; and it is to be remarked, that its top and the aſoresaid 
straight ascent, are nearly in the same plane: now in walking 
towards this hill, I observed that its top (the only part visible) 
« geemed to dance up and down in a very extraordinary manner; 


which unusual appearance, however, evidently arose from unequal 


* refraction, and the up- and-down motion in walking; but when 
4 the eye was brought to about 2 feet from the ground, the top of 
« the hill appeared totally detached, or lifted up from the lower 
« part, for the sky was seen under it. This phenomenon. I re- 
9 e observed. Thete Was much deu, and a: sun Þ niher 
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warm for the season, consequently a great evaporation took 15. 
e at that time. Here, and also on Hounslow Heath, the rays of 
light passed near the earth's surface a great way before they arrived 


at the eye; and it is more than probable, that moist vapours were 
the principal cause of the very unusual reſractions: the truth of 


which conjecture seems to be verified by the following circum- 


stance. In measuring the base on Hounslow Heath, we had driven 


into the ground, at the distance of 100 feet from each other, about 


go pickets, so that their heads appeared through the boning tele- 


scope to be in a right Iine: this was done in the afternoon The 


following morning proved uncommonly dewy, and the sun shone 


bright; when having occasion to replace the telescope, we re- 
marked that the heads of the pickets exhibited a curve, concave 


upwards, the farthermost pickets rising the highest; and we con- 
cluded they were not properly driven, till in the afternoon, when 
we found that the curve 1 8 was lost, and the ebullition in. 


the air had subsided. 


The new raised earth about the gun at King” s Arbour, prevented: 


a very accurate measurement of the height of the instrument above 


the point of commencement of the base; and therefore two oppor-= 
tunities only presented themselves for determining the actual ter- 
restrial refraction ; namely, at the ends of the base of verification. 
From the depression taken at Beacon Hill, the refraction was 38“; 

but the elevation of Beacon Hill, observed at the lower end, near 
Old Sarum, gives zo”. These deductions, perhaps, cannot be 
deemed very conclusive ; because, as they depend on the difference 

in the vertical heights of the ends of the base, every 2 inches of 
error in that difference will produce an error of about 1“ in the 
computed refraction. We shall close this article with the ſeo 


whence those refractions were obtained. 


At Beacon Hill, the op of the fiagstaff near Old Sarum was de- 


Pressed 4 6”. | 


| 
| 
* 
j 
} 
: 
* 
. 
: 


n 


_ 
a 
—_ 
—— 


This end (109.) is 429.48 feet lower than re en the | 
OE e Or e g n nere 


. 


At the other end of the baxe, near Old Sarum, the top of the = 
- fagataff at Beacon Hill was elevated g8' 42”. 


The axis of the telescope at 0e Mil e 1g: laben glove, | 
and the top of the flagstaff 91 inches above the point where the 


mensuration began. Near Old Sarum it was 28 inches higher, and 


the top of that flagstaff g inches above where the base terminated. 


$4 


5-8 
* 


N. B.-In the T's of the triangles (PI- XX), the Hine from: the 
station near the Four Mile- stone to Old Sarum, is drawn a little 


out of its true position, otherwise it would very nearly coincide 
7 with that which JON the former station and Dean Hill. | 
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Particulars relating to po we lems ons Y wo Tea ear 1 795. 15 
152. 15 an os part of him Season, from a necessity 1 59 1 
existed of completing the Map of Kent for the Board of Ordnance, 
by order of the Master General, we had conceived that our former 
| intentions, of continuing the Survey towards the west, would for 

the present be relinquished: as it was not imagined that the tele- 
scope of the small circular instrument, then in the hands of Mr. 
Ramsden, could be applied, with good effect, in observing Staffs 
_ erected on very distant stations. | 
From the obvious importance, however, * adhering to the fm 
resolution, it was determined that a trial should be. made of the 
excellence of this instrument, in the construction of which extra- 
ordinary pains had been taken, by operating with it in Kent, and 
using it for those purposes to which, if the object before spoken of 
had not been in view, the great theodolite would have been ne- 
2 applied. hs 160 | 
This smaller ede 5 as 1 P tu hs was in Ma 17 
Nay into Kent by Mr. Palby, and Mr. Gardner chief draughts- 
man in the. Tower; the ſormer being — with the stations 

in the series of 178. 7 ä 

On a; reference to = account. of 179% it will — een, chat a 

2 2 2 
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station was chosen near Lulworth, and observed both from Nine 
Barrow Down and Black Down. It was also intended to be ob- 
served from Bull Barrow; by which means, instead of the great 
triangle formed by the stations Black Down, Nine Barrow Down, 
and Bull Barrow, we should have had two smaller ones. This, 
however, it was now found could not be done, as a signal house 
had been erected near the station at Lulworth, subsequent to the 
operations in 1794, which prevented that spot from Being after- 
wards seen at Bull Barrow : but no consequences very injurious can 
have arisen from the impraeticability of making use of this station 
in the manner originally proposed, since the stations formerly 
chosen in Portland, with which that of Lulworth was also intended 
to connect, have not been visited with the instrument. The stations 
in n that island were selected with a view 7 of obgerving | from Laos, | 
might be a proper station in the series intended to be carried along 
the coast. Such a situation, however, could not be conveniently 
found, as the view of Devonshire from Charton Common is much 
intercepted by trees and other obstacles ; and it would have been 
highly 1 improper to shorten the side between Pilsden Hill and' the 
coast, by choosing a Station 1 more remote from the latter than 
Charton Common. eee e i Af 
As from an inspection br this plan of the triangles annexed to 
this account, a doubt may be' entertained as to the propriety of 
: carrying on so very extensive a series from the short side connect- 
ing the stations on Black Down and Mintern Hill; it must be 
observed that, admitting the necessity of adopting Bull Barrow 
for a station, those on Pilsden and Mintern Hills were naturally 
chosen; the first, because it connected with Dumpdon (a station 
that could not be dispensed with); and the second, because it was 
the point most remote from Black Down, being on the brow of 


the high land overlooking. the general Surface of Somersetahire. 


Tee 
Te 0 connect with the station formerly chosen near Maiden Brad 
ley, two others were selected whilst the party were at Bull Bar- 


row; one on Ash Beacon near Sherborne; and the other on the 


Quantock Hills. - Both these have very command ing views, and 


will hereafter easily unite with any stations which may be en 5 


to the northward. roc Jord bus HEH 13; 


' 
44 >a. as $0 A 7 


9 


From Bull Barrow, the instrument was successively taken to the 


following stations, before any other new ones were chosen, viz. 
Mintern, Pilsden, and Charton Common; and whilet the party 


T a 3... 


üer in the choice of thee: nas difficulty occurred, as the face of 7 


this cou nty is particularly. unfavourable for operations of this kind. 


Around Honiton and Chard, there are Several. small ranges of 
hills, nearly of an equal height, running in parallel directions. 
Near the former are three thus circumstanced; viz. Hembury 


Fort, Combe Raleigh, and Dumpdon. From the first and second 
of these, the station on Charton Cominon is not visible; and it is 


from the last only, that both Pilsden and the Quantock Hills can 
be seen. This station, however, has a disadvantage: Combe 


Raleigh, Which! is to the west of it, takes off all view round Tiver- 


ton and Silferton; so that it became indispensibly necessary to 


select a spot on the northern extremity ot TR) called Caw- 
sand Beacon. At don't 

To those who are acquainted with the interior of Darts, i it 

will be unnecessary to assign the reason for not having chosen any 


station towards its. centre. It may be Sufficient to observe, that 
two spots. were found on its circumference, which render the want 


| ar it trifling 1 in its consequences. 

Independent of the stations to which, as we have before observed, 
the instrument was taken this year, the following were visited, vis, 
Dumpdon, Little Haldon, Fur land, and Butterton. From the lat- 
an the party returned to London in the month of October. 
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At Dumpdon. 


Charton common and _ Haldon 86 399 7 
N - bn ee 85 25 
5 8.5 8. 25 
8.75 
— 9.25 
Little Haldon and Causand Beacon , 


0 * 
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Pilsden and Charton- Common 238 33 22 
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| Partalars Sets 10 the Operations of the Tear 17056. 


154 2 referring to Art, 109, it will be Pede "that st. stones 
were sunk in the ground at the extremities of the base of veri- 


fication on Salisbury Plain. To render these points permanent, 
two iron cannon (selected from among the unserviceable ordnance 
in Woolwich Warren) were, towards the end of February, sent: to 
Salisbury, and in the beginning of March inserted at the ends of 
the base. The same methods were adopted for the purpose of fix- 
ing these cannon in their proper positions, as those made use of 
when similar termini were sunk in the ground on Hounslow Heath. 
This operation having been completed on the 10th of March, the 
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| WOO than a principal place of observation. 


ould be tedious, and perhaps unnecessary, — the 


Ane of all the stations selected this year, as many of them do 
not form any part of the series now given to the public. We shall, 
therefore, confine ourselves to such „ an the *. as may 
4 Serve to abridge this article. 


Baton, the northern extremity. of Dartmoor, for the purpose of 
connecting with Dumpdon. It should haye been observed, that 
to the west ward of the former eminence, and near it, there is a hill 
ebnsiderably higher, which, in point of situation, has many advan- 
tages, but which cannot be made use of on account. of the rug- 
gedness of its surface, which seems to ronder the carrying of the 


instrument to its top almost impossible. From this circumstance, 
and similar impediments, which the high lands remote from the 


'I 


| na r polygon of a small number of sides. 
To make observations for the purpose of ds 1 


the longitude and latitude of the Lizard, was a principal object in 


this year's operations; and as this headland seems to offer itself 
as very convenient for a station, it will be right to anign our 
reasons for not having chosen one upon it. 


As no other spot but Hensbarrow Beacon could be found i in a chat : 
part of · Cornwall proper for a station, it became necessary to, fix 


on the Deadman, or Dodman, for another point in the series. 


Frem this place no part of the land within four miles of the Lizard 


3A 


instrument Was shortly after carried to Kit Hl, in Cornwall; | 
station, like that on Bindown, chosen rather for the n a 


ve before stated, that a station was . on Same 


ſerenoe of Dartmoor offer to our operations, it results, that 
the body of this moor cannot have any great triangles carried 
over it: such stations were therefore selected this year as may 
ser ve, in conjunction with others, to include this tract t of "Ry ; 


can be 1 as the high ground about Black Head, — is to the 
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east ward of the latter, is nearly in a line between W and is also 
much higher than both. It will be perceived, however, that no evil 
can result from the want of such a station, as the light- houses and 
the naval-signal-staff at the Lizard, have been intersected from 
several stations. The precise spot on which Mr. Bradley made his 
observations in the year 1769, for ascertaining the longitude and 
latitude of this headland, was pointed out by the PEFSOUX: having 
the care of the light-houses, who well remembered the common 
particulars relating to his operations: such measurements were 
made from the light-houses to this spot, as may enable us, at a 
future period, to compare the results from the data afforded by 
the n een operation, with those deduced from the astro- 
nomical observations made by the above gentleman. It may be 
also mentioned, that angles were at the same time taken at the 
western light-house and eee for the FI of finding the 
situation of the Lizard Point. 51:-c20mie'rot H or from? 
Wee are now to speak of the most Wet W ee 
this year; that of making observations to determine the distance 
of the Scilly Isles from the Land's End. g * 
To do this as accurately as possible, it 3 necessary to o find 
stations affording the longest base. The hill near , Rosemergy, ' 
called the Watch, and the station near St. Buryan, are certainly 
the most advantageous places, because all the islands can be seen 
from both; but we could not avail ourselves of the former, as dif- 
ficulties almost insuperable would have attended an attempt to 
get the instrument upon it. Another station was therefore selected 
on Karnminnis, near St. Ives; a spot as well situated as the place 
spoken of, provided all the islands could be seen: this, however, 
does not prove to be the case, St. Martin's Day-Mark being the 
= only object in the Scilly Islands visible from Karnminnis. 
From the stations near the Land's End (Sennen and Pertinney }, 
as well as that above mentioned (St. Buryan), St. Agnes Light- 
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house, and two 8 in St. Mary's, were ter ben; and as the 
means by which all their distances are determined, except those of 
the Day-Mark, from the shortness of the bases (which were, how- 


; ever, the longest that could be found) are exceptionable, it will be 
right to mention, that while we were engaged in that part of the 
operation now spoken of, the air was so unusually clear, that we 


could sometimes, with the telescope of the great theodolite, dis- 
cover the soldiers at exercise in St. Mary's Island. 
Under this article, it will be convenient to state, that we have 
endeavoured. to find some spot to the westward, on which a base 


might be measured. Had we been fortunate in this respect, it un- 
doubtedly would be eminently advantageous: as those triangles, 
now extended to the Land's End, would, in that case, be verified | 


in some part of the new series. In Devonshire and Cornwall, 
however, no place has been discovered by any means fit for the 
| purpose; so that our communicating this work, under the circum- 
stances attending it, is a matter of necessity. | TEL, 
In the present and former seasons, such stations were e electel 
and observed, as were judged to be proper for the future use of 
the small instrument; and as we had experienced, in the early 
stage of this Survey, much delay and disappointment from the 


| white lights not being always seen when fired on distant stations, 


we have since substituted lamps and Staffs in their stead. The 
operations of the present year were continued till October, when 
the party! returned to London. 
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1 136. Situations of the Stations. 


Aten or Reeve! s Hill. This station is in Porsetshire, and 
situated on Revel's Hill, which is not far from Mintern. It is 17 


feet N. E. from the corner of the hedge. 


Pilsden. This station is Also in Dorsetshire, and near Buda 
windsor. The Point is on the S. E. corner of the old parapet. 

Cbarton Common. The station is in the field adjoining to, and 
also to the westward of the Common, and is about two miles from 


Lyme : it is 30 yards from the eastern hedge, and may be easily 
found, as Black Down is only visible mon that "_ 72 855 seen 


between two trees. 5 7 CONC DIG nt!!! 

Dumpdon; about three als N. E of Honiton. The station 
is 10 feet northward of the hedge of the plantation, and nearly on 
the highest part of the == 

Little Hatdon ; near Teignmouth, ain Dev6tchire.” Thie station 
is 80 yards from the Direction Post, and in a line with it and the 
Obelisk on Great Haldon. 

Cawsand Beacon ; near South Zeal. The station is about 200 


feet north of the Karn, or great heap of stones. a 


— 


Nippin Tor. This station is also on = AMY and Son 5 


miles from Ashburton. The point is mid-way between the two 


heaps of stones. dias Fe, 
Furland; A field near - the 'turnpike-gats between Brixen and 


Dartmouth. The station is near the one, efected in the middle 
of the field. 3 88 He | 


i 


Butterton. The station is 45 * 8. W. of the 3 on the 
hill called by this name, and about 1 mile from Ivy Bridge. nei 
Tbe Bolt Head. The station is on the spot called White Soar, 


— 


. 


Up 


above the Bolt; it is 95 feet in the line produced northward from 


R 
n 


E 


1 nearest corner of it. 


43 feet from the great flag-staff, in the line produced from Statten 
Battery passing by the side of the staff. 


Kit Hill, near Callington. The station is on the 8. W. bastion 5 


of a work similar to an Indian fortification. 

Carraton Hill. This station is about 4 miles north of Litkeard ; 

and the 12285 1 171 yards south of the 5 wid Karn on the top of 
the hill. 

| Bindown, near Looe. The Station is about 50 yards eastward of 

the barrow on this hill. 


| Lansallos. The station is in a field belöngig to Polvinton 


Farm, which is near that town. The point is 159 feet from the 


western bank, and go: from the southern one. 7 
On Bodmin Down. The station 120 yards south of the high 
road, and about a quarter of a mile east of the turnpike gate. The 
point is in the centre of a remarkable ring. 


 Hensbarrow Beacon, near St. Roach. The Station is on the top : 


of the barrow. 


"The Deadman, or Dodman Head. The station is ; about 40 feet 55 
south of the bank, and nearly 1. 100 yards to the east of the entrance 


into the inclosure. OE fo Bent 


St. Agnes Beacon. The station is on the Southern brow of the 


' beacon, and about 80 yards from the tower. 


Karnbonellis. The station is go yards south of the northern 
Karn, or heap of stones. The hill called Karnbonellis is near 


Porcillis. 


Perlinney. The station is in che middle of the ring on its top. 


This hill is about 2 miles eastward of St. Just. 
Sennen. This station is in the north- west corner of a fiele be- 
longing 1 to Mr. Williams. The field may be easily found, as there 
"> > | 


the west side of the e and about 90 feet from the 73 


Maker Heigbis. This spot is near Cawsand, and the station is | 


8 h ; Lon] 
L | js no other spot near the town of Sennen, from which the Long. 
| ship's Light-house, Pertinney, and St. Buryan, can be seen. 
i  Karnminnis, near St. Ives. The station on the top of this hill, 
5 may be Wund 85 the following measurements: 12 
| Feet e ed rs fr 7 
The station from 3 large 8 8 from the 8 J .--; 
|  moor-stones, south.of they 11 » — north p stones. ; 
the Hedge... AS. — west ER 
St. Buryan. The station is in a field be the town, and by 
the side of the Penzance road. It is 844 feet from the stile, and 48 
feet from a large stone in the northern hedge. This stone is 81 
feet from the stile; the Station, this stone, and Chapel Karnbury, 
being i in a right line. * 


157. Gee of the Sides of the great Triangles, carried on from the Termi- 
nation of the former Series, along the Coasts Ll TIT, Devonsbire, a and 
Cornwall, to the Land's End. Pl. XXI. eee e 


Distance from Wingreen to Nine 8 Down, 1302244 Feet (Triang. x xvi. Art. 117.) 


_— 


| | Spheri- | | = * les corrected . 5 
No. of 13 Observed BY 8 Fs 
trian Fool N _ In we stations. erde Diff MY 28 1 W N 
e N . ; ; SETS K8 55 ; __— Feet. m 
! XLIII. Wingreen - 54 29 36.5 od 5 . i 54 29 36 * | 
J. [BullBarrow | = | 93. 33 -0.25|—0.91] 93.32 59 
Nine Barrow Down 31 57 25.5 - | 31 57 25 
| 186 o 2.25 1. 72 +9:53 5 8 i | 
; Wingreen | — os So, — | 69058 
2 aun e rag 1 Nine Barrow Down | — — — 11052132 
i XLIV. Black Down - | 56 30 18.75 |-0.53 $040 28:5 |<. 
0 ine Barrow Down] 38 58 19.25 —0. 89 38 58 19 } 
5 5 ull Barrow _ 84 31 23.25 —0.57 „ | 84 31-225 | 
i : | 5 180 © 1.25 1.99 9. 74 be | if) 
1 | | 13 127 Nine e Donn. 126782 
l „ 5 hen n from { Bull Barrow 1 ——— . 8 


3 — — on — ü — 
* 7 5 


——— 5 * — ee Fe — FO — 7 on m— 
a Ba FOE SOCE _ . | Spheri- {|  JAngles corrected 
No. of | ; Obzserved , | 1 
| triangles, 8 of the stations. in zien. _ 2 N "Ye e 
XL v. Mintern „ 101 39 30.5 [6:36 07 ” [ron 39 30 
Bull Barrow - | 46 54 34 —0.09 | | 46 54 33-5 
| Black Down . - 31 25 57.5 —0. 11 | | 31 25 56.5 
4 b | 
1 — . | wel | 
5 ag. 65 f Bull Barrow. - | — 4653.4 | 
13 | 5 Mintem from Black Donn -<- | — — — | 59739 | 
XVI. [Pilsden = WB) 54 cn be WS TO BE: oe I 
Mintern Hill | 68 30 46.5 —0. 35 68 30 46 „ 
Black DoW n | 66 51 21.25 —0.36 1::.:. 06 $3 #2 | Ba. 
. 1 [=6002 „ 
pe e fen n — —= | 7817 
3 13102 Pilsden from { Mack Down 3 — 1 
XLVII. |Charton Common | 47 39 18.5 |—0.10 47 39 18.5 AE AK 
| Black Down 27 15 14* [—0.21 = pee 27 15 16 
Pilsden 1105 5 4 0.60 05 5 25:5 
* 1 179 59 58.5 | 9.88 —2.38 | 
FE © ; Black DW w)). . | — — — 1103345 
ee WE OT OO { kilsden | — — — | 491063 | 
XL VIII. [Dumpdon - | 38 33 22.75 —o.12| CT | 
1 Pilsdlenn | 47 32 1.25 —0. 144 5V„—— N 
Charton Common | 93 54 37.25 0.3%“ J 33 54 36.) | 
| 180 o 1.255 | 0.66 ＋0. 50 
„ rats Dum don CE Poles 8 
FEE | Charton Common from { Pisden 5 F 
XLIX. Little Haldoen 25 8 1.25 0.45 NE EE Ch ADs IP 
| Charton Common | 68 12 51.25|—0.48 | 68 12 51 
Dumpdon | 86 39 8.5 —0.78 513> + 4 0-39-39 
| | | wo 0-1 | | 0.66 |+0.34| | | 
1 e Charton Common | 5 1363533 | | 
ö | g Little Haldon from { Dumpdon gf : 5 126831 | ; 1 
L. |Cawsand Beacon | 43 14 21.25 —0.57 429 14 20 | © 
_ © JNumgdos* *<©-,, | 35; 7 7-251=9:04] |: 138.7 7 
Little Haldon - 101 38 33.75 —1.93 | ibi 38 33 
180 0 2.25 3-12 0.87 
- 3 Dum don —ü— 4 — 181334 
FP 


»FThis angle (104. ) is considered to be nearly 2” in defect, and has been augmented for cal- 
culation accordingly: it was observed under circumstances less favourable, than those which 
attended the observations made on Pilsden, and Charton Common. | 
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| —— ; ee 5 8 — — 1 — ee 1 4 2 — - = CEE] 
| No. of 5 155 3 Ob 4 3 Pp eri- a ngles correcte 9 
{ triangles. . 1 Ty A tered | el 3 F 1 1 « A hgocpern I 
A 1 ge , . 
. Rippin Nor : = 124 59 13 0.08 & 5 105 124 59 11.75 oo aw} 
| Cawsand Beacon 25 30 39-75|+o0ll |. | |.25 30 38.755 | 
: | Little Haldon 29 30 10.5 + 0.05 e | 8 | 18 29 30 DS: 5 4 
| | 180 © 3-25 f 0.69, +2.56 8 
| | Cawsand Beacon - | — —= — 64020.5 
a 8 3 Rippin Tor from Little Haldon LY = —— 1 55988.7 55 
FF ·ů 1 $:- zee 
Little Haldon | 84 58 43 [—0:44| _ 3b, J 84 58 42.75 
| Rippin Tor | 55 36 40.5 |—9:25|, , |» | 55 36 40.25 
N [180 © 0.75 : 0.96, —0. 21 Ir 7 
| 8 Little Haldon <- _ — — — | 72776 
5 TO Furland from { Nippin Tor Lib SE GE | 87851 
| LIE. |Furland - 43 38 45 [—-0.32]) | [4333 4 | 
| Rippin Tor 61:50 $93. Sod8t. rf 61 59 59.25 
: Butterton = 74 21 57.25 . 44 | 74 21 56.751 
+3880 e. 4. 1.15 TO. 1 R 
- Rippin The — —— 62951 ; 
13 Butterton from" e e 80547.8 
| LIV, Bolt Head - | 62 56 36.5 8 JO -- 1: +} 62 56 35.25] 1: * 
Furland = = | 53 15 35 {—0-38] ( 53 15 34-75] 
|Butterton - 63 47 50.75|—0.43| I: 63 47 50 
5 0 o 2.255 | 1.23 41.622 
PN, Furland - R "ow Wo 9”; 811532 
f Bolt Head from Butterton =  - | — — — | 724798 3 
LV. Maker Heights - | 45 54 37 - ]|-0-42| +: | 145-54. 9755 | 
| | Bolt Head | 48 39 2445 |—0.33| © 48 39 24.5 
1 ä jButterton - [85 25 58 [— 0.599 | | 85 25 58 "FT 
l | TTC 
"| | | Maker Heights from { eee Fi i BY 858 EM 15 17 88 8 
| [VI. [Maker Heights 112 18 8.751. og . [48 28: 87-1 - 
9 1 :- [Butterton  - 35 30 28.75 0.17 1:35 20.49; | 
| | | Carraton Hill - | 32 11 23 |—0.10 38-11 233 /-1 
| | [180 o o.s | 1.36 —0.86 | 
l 5 " Butterton - Ry OS 131576 
| Carraton Hill from\ x Maker Heights 8200.3 
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5 $ | . eee g we FVV e ee F eee, 
5913 6 ; 1 4 Spheri- Angles corrected| | f 
No. of |. Mu Observed = P NEE 8 Ts 
ane Names of the stations. Diff. cal Error, | for | Dist 2 ö | p 
| triangles, | © . 2 angles. e ö istances | | 
| | 
R | _ — v—— 1 — | 1 
4 077 , # U „ 9 . — — 
LVII. Lansallos 64 7 44.25 0.44 . 64 7 44 | | | | | 
Maker Heights 48 39 54.75 0.3600“ | | 48 39 545 | . 
Carraton Hill - | 67 12 21.750.434 67 12 21.5 
; | 3 180 o 0.75 | ” 1.24 —0.49 
1 Maker Heights - — — — 4631.4 
5 Lansallos from 2 1 — 1 — — — | 68929.7. 


By the latter triangle we get the distance from Lansallos to Carraton Hill 68929.7 feet; 
which being obtained from the least number of triangles, we shall make use of in the calcula-| 
tions of the sides farther to the westward. The same conclusion, however, is nearly obtained 
by making the computations pass through the triangles connected with Kit Hill and the 
(Station on Bindown. 1 8 | 


LVTIL Kit Hill | 48 36 46.75 —5.25 Fred 48 36 40.75) - | 
 [Butterton = 42 11 38.75 |—0.20 | 42 11 38.75] 
| Maker Heights | 89 11 345 —0. 5 („ 89 11 34-5 1 
| 180 o 0 e 1.21 121 | 
| 3 \ Butterton — 2 — — 100969 
| | Aut HW from \ Maker Heights - — — — 678 22.343 
| LIX. [Bindown < [7yã 9 245 628 5.1: [94 9 #625 — 
Maker Heights 51 29 22.5 —0.17 „ 
Kit Hill! | 53 21 13.75|-0.2z} | 53 21 13.5 | 
| 180 o 0.75| | 0:70 [0.05 | | | 
| . | ww | * | 
| 31 Maker Heights — — — 56294.8 
|  Bindownfromſ rpm  - EE 
LX. Carraton Hill 191 45 225 | - LF o1 46 23: | 
{Kit Hill I 4031 | 50 45 31 
|  [Bindomn =< [37 29 65.75 37 29 6 
179 59 59-25| 0.42 1.717 | 
| e Rogan Rag, 263-0, 
| oo Carraton Hill from) p- 3 5 1 1. 
LXI. |Lansallos | = l 32 36 43-25 | -1 32 30 42-25] © 
1 Bindo wn [119 9 36.25 3 119 9 35.25 
 ]Carraton Hill - | 28 13 43-25 + 299 | 28 13 42.5 
3 — -- 1 Too o 2.75 | 0.33 [+242 
| FL 1 Lansallos from Bindown + — | —— | 37335-3 * 


By the last triangle we get the distance from Lansallos to Carraton 68931 feet. We shall, 
however, as before observed, use the distance between those stations as derived from the LvI I.“ 


| triangle. | 


0 ” 


—— —— —c 
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TT "T5pk Ang! 

No. of | | ö 1 a. 3 1p eri- Angles correct 1 | 
| Names of the * f _ — | . r 3  Digtances, 
| LXIT. Lansalos AR 57.44. Peat}: 1 een 46 Þ 
Carraton Hill J 56 2117 —0.27 - | 56 21 17 

Bodmin Down | 68 40 59 —.30 68 40 59 
| 0 0 0.32 —0.82 | 
© 3 Carraton Hill — — — cad. 7 
4 | Bodmin Down from Lansallos 1 597-1 
LXIII. Hensbarrow Beaconſ 66 59 23.25 —0. 23 5 66 59 22.25 
| {Bodmin Down | 67 59 27.75 —0. 21 | | 67 59 3 75 
| Lansallos fb” 45 1 11.75|—0.19] ' oh 465+ 
4 1 be 2.75 0.63 + 2.12 1 
I ed Beacon from Bodmin Down [as wa 9 | 47337-2 | 


By this last trian gle, the distance from Hensbarrow Beacon to Lansallos is found to bes 
62044. 8 feet, and by the following triangle - | 


L XIV. [Hensbarrow Beacon| 42 32 8.5 [0.20 42 32 8 = 
|Earraton Hill, | 37 28 58 —0. 18 37 28 57.5 | 
} Langallos” = 99 38 55.75 10.59 99 58 54-5 
| 180 0 2.33 0.99 T 1.26 | 
| * 
8 Hensbarrow Beacon from Carraton Hill | - — 100416 
1 We get 62044.7 feet for the same distance. 
LXV. [Deadman - 56 12 22.75 —0.25 [P56 12 22.5 
Lansallos = - | 52 34 3 — 0.24 | 52 34 2.51 
Hensbarrow Beacon] 71 13 35. bg —0.35 r 
180 0 1 | 0.82 |+ 0.18] 
Lansallos = — — 70686.8 
| | Deadman from | — — — —— 59284.2 
[LXVI. St. Agnes Beacon | 34 31 20.25 |—0.3r] 34 31 19.25 
Hensbarrow Beacon] 77 20 29.5 —0. 54 77 20 28.75 
Deadman - 68 8 13 [|—0.63 68 8 12 | 
| [180 0” age | 1.32 |+ 1.43 
| | | S | | Hensbarrow Beacon — — — | g7084.8 
4 | St. Agnes“ Beacon from Deadman 2 TO 
LXVII. St. Agnes Beacon 75 51 53.75 —0. 40 75 51 53.5 | 
| Deadman — | 25 51 24.75 —0. 30 25 51 25.25 
Karnbonellls - | 78 16 41 2E 70.3 iv 41.25 
179 59 59-5 1.06 |—1.56 
F< nn 101084 : 
5 Karnbonellis bond St. Agnes' Beacon — — — | 45 461.9] 


C 877 1 


The 3 at Bull | Barrow 


| Terrestrial Refractions, and Heights a f the Stations. 


158. Elevations and Depressions. 


At Wingreen. 


— of — 


At Nine Barrow Dou | 


The ground at Black Down 
at Bull Barrow 


- 


depr. 3 29 
elevated 1 25 


a” 


_ Spheri- | 
2 wy Names of the stations. e = * | 1 Error. 3 Distances. 
1 8 DE : . | 
02 0 = 5 11% J Jy = WW "44% . Feet. 
LXVILL Carhminnis 32 30 0.25|—0.22 Ws 32 30 0.25 
FP tt. Agnes“ Beacon 57 46 31.25 |—0:35} { [| 57 46 31 
Karnbonellis - | 89 43 29 —. 58333 | 89 43 28.75 
J $50. 0.05 |- 1 677 [—0-27| 
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LXX. ertinney - 113 40 15.5 F 113 40 15 
IKarnminnis 13 48 18 4 | 13 48 18 
St. Buryan 5 31 374- 52 31 27 
| 1180 0 1 * | 0.16 [0.84 i 
45 J Karamiunte  - —— 41407.7 
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Ikpertinnex | 67 44 31 | G7 44 30.75 
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procedure, to deduce the intermediate heights from both those 
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Maker Heights 64 48 50 [ pel — 21111274 
way ts of The Chapel . e 
| Yard, Plymouth) 3 | 
. 3 e 
Carraton Hill = [7 34 6 79778 | 
Maker Habe „F. * pan * Dock] 11080 | 
Windmill at Plymouth HEE | 
Dock © CF : — 1 "or 
Carraton Hill - - 1 7.91 7 en Batter 
Maker Heights 133 32 55 | }Statten Battery A 17199 | - 
Battery on Statten 5 ae 
| * Heights | e | 
[Kit Hill - 1105 o 39 I 44639} 
Carraton Hill - [43 47 30 bst Step hen's - 11 62330 
4 1 Saltash. . | 


St. Stephen's Steeple 


* 


_—_— 
— 
* 

„ 


[995 1 


” ew "ES — 


= Triangles. t 4 Aditi . | Diiances of the stations from the 
i observed.  Intervocted objects. 

= =_ | 3 . 

it Hill - 4 29 11 14 25390 
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Kit Hill - - 1.19 31 2 = 15493 | 
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Carraton Hill 138 42 49 9273 
8 e chess Mt 1 50300 
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Carraton Hill!!! 9 16 26 8 | | 21.508 
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Carraton Hill - 43 13 1 - | 47¹⁵ꝰ 
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_- Triangles. - | Alngles Distances of the stations from the 
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Triangles. Angles Distances of the stations from the 
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Camborn Steeple 
St. Agnes Beacon 31 12 FG 1 23718 
Karnminnis = 10 49 6 5 5 65490 
Illugan Steeple PE: 1 
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16g. Triangles for ascertaining the Distances of the Eddystone Light- 
bouse, from the Flagstaff of Plymouth Garrison, and the Rame-bead. 


The ball on the lantern of the Light-house was observed from the 
stations on Butterton, Kit Hill, and Carraton Hill; and as much un- 
certainty has heretofore existed, with respect to a knowledge of its 
true distance from any point in the neighbourhood of Plymouth, 


observations were made on various arcs of the circle of the instru- 
ment at the two first stations. 


The triangles are the following. 


Triangles. Angles Distances of the stations wa the 
| observed. intersected objects. 
| Bu 8 V 8 | Feet 
utterton— - 66 46 21 SORE 121139 
Kit Hill - — 64 27 46 Night house >; 129299 
Eddystone Light-bouse | JJ. HT vs OO NY 
|Butterton = — 60 5 31 . 121156 
arraton Hill — 55 52 41 Licht house 7 4 12680g 


Þ Edaystone —— 
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* A large e stone on che right hand, near the path, Sous 300 yards before you 
get down to the rocks at the Land's End. 


— 
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wh dhe distance of che Edd ystone Light-house from Kit Hill, 
and also that of the Flagstaff in Plymouth garrison from the same 
station, we find the distance from the Light-house to the Flagstaff 

2 73061 feet; * the observed angle being 29 42' 34”: and, comput- 
ing with the data obtained from the last triangle, and the third 
in page gg, with the observed angle at Carraton Hill = 16 21“, 
we get 49435 feet for the distance of the Eddy stone Light-house 
from the building on Rame-head. It may be proper to observe, 


that the Eddystone Light- house is nearer to the Rame-head than to 
any other point on the coast. 


165 Thi ines rt Þ Mae the Situations oft the + Lizard Light 
| bouses, and the Lizard Point. 


: | Distance from Karnbonelli to Pertinney 101474 foet.. * 


| | * Triangles. FF n * Distances of the-enytions thim the 
„„ ag Fon 5 observed. intersected objects. 
5 55 |] - Feet. 
Karnbonellis = |] Ab 28 Eastern Del. 81323 
Pertinney - = = | 48 56 51 * e T1949O8y. 
Eastern F 4. 1 1 | 


Karnbonellis 3 78 40 5 
Pertinney = 43 0 58 
Western Light-bouse 


Karnbonellis 178 8 57 Paton 5 L 79635 


cen rar : 1348 
house I \ [116921 


Pertinney - = 42 28 45 115408 
Naval-Signal-staff 


Karnbonellis Þ «© — 19 | 
A go. 56 [_ 125 5873 
Naval-Si Signal-etaf © | 
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. On referring t to o the late Mr. Smeaton' $ Narrative of the Building « of 1 Eldyrons 
Lier house. it will be found ,. that, from a trigonometrical Process, founded. on two : 
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© OH) 181 Lene Gai ge 14 
the Light-house, give the nö. of the Lizard Point from | 


_ 8tation, between the Lizard Point and Western Light-house, being . 


bases measured on the Hoe, among other ede; he concluded the distance between 
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From the two last. triangles we obtain 59540 beet for themen 
JF" 0s between the Lizard Signabstaff and che station en Karn- 
bonellis. Computing with this distance, and also that from the 
Western Light-houge to the ame station, with the observed angle 
41“ 87, we get 1857 feet for the distance between those objects. 
For the purpose of ascertaining the situation of the Lizard Point, 
eee in * following triangle were observed with: a sextant, 
a 5 d yam 11 bbeff-atf 10 0 _ als mol 
Western Light-house 60 5 HO 17215 0 it. 
Lixard Point. LS 9 8 
These, with the computed distance from the Signal-staff to 


Signal-staff 2419 
| we Lr bass 2700) foot. 
from the station on Karnbonellis is 81085 feet, che Angle at that 


SOS the distance of - the point a | 


1*53' 47”. With respect to the means, by which the situation of 
the spot on which Mr. Bradley-erected his observatory-in 1769, 
may hereafter be determined, it will be readily understood from 
the following diagram; where E is the Eastern Light-house, W 
q the Western Ae de, F 112 Signal-taf, P the Lizard: Point, 2 


* : 
ONE 


_— 


the above objects was 7 pA feet : bug 4 43 gener, than the A found by the 
above computation. 1 7 75 = 


C405 7 


and O the place of the Observatory. The distance between the 
spot O, and M;* the place where his meridian mark was "fixed; 


i Þ 


we measured and found = 520 feet ; M being 24 feet north of the 
line og. © the « centres of the . TYRA . 
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1 The jriangles for this purpose are Tai down in a detached | boston, to o onen the | 
plan. 
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PO LF an a on „ ( intersected objects. 9 
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[Pertinney - = [148 11 5 


Sennen = [168 43 20 [\Scily Light _ 164010 
St. Agnes or the Sly | 


IA — = 8 83 59 ol |\ciny Licht- house 
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St. Agnes Light-hous and Ky — . 152 43 24 244 
5 5 247 in 
From those observations, result the following triangles, when the 


necessary corrections are applied for redueing the observed angles to 


those formed by the ens vix. 
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Karnminnis 39 3 24 Fw 55 1155795 
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my 


Karnminnis [25 15 8 55 f 


Day- Marz eln 20 12. d. Mee 
7 e be red - 984868 


Pertinn =. = 30 24. 70 
Day-Mark _ _ 


Pertinney = | 24 21 55 


_ Light-bouse . 5 


9² 6 22 


I <4 Triangles. — angles] Distances of the stations from the 
4 42 : 3 corrected 0 intersected ae 
e een An . ; , K 
St. e g — . | 83 24 53 n 172783 
Pertinney Fe,, 17120 
Windmill in St. Mary's CE e OP HRW nn 3s API 
St. Buryan 1 bag bes ba 0 YO Then. . 11194000 
440 1354 g Flagstaftfßé 3 | 
Pertinney =- 93 47 18 [[ Sn J 1173626 
F. 4 of "the for Ion cd Tibe 3f ooo or Ov | 
db. <A LIN 1 333 8 8 | ere | | ; 2 | 


W from the YL Karnminnis, as obtained from 
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the first triangle, is 190985 feet, and by the second, 1g0gg8g feet, 
which differs only 4 feet from the former; and by the second and 
third triangles, the difference of the distances from the same object, 
to the station on Pertinney, is 17 feet ; which, allowing for the 
shortness of the bases, must be considered as trifling. We may pre- 
sume, therefore, that had not the Day-Mark been seen from Karn- 
minnis, but from Sennen and Pertinney alone, the observations from 
which the angles of the third triangle are derived, would have afford- 
ed the means of computing the distance with sufficient precision. 
In like manner the fourth and fiſth triangles seem to prove, that the 
observations made to St. Agnes Light- house were sufficiently accu- 
rate, as there is a difference only of 16 feet between the distances of 
the Light- house from Pertinney. The ball on the top of the Light- 
house was the object always observed; and the Day-Mark being 
pyramidical, we had the means of making the observations at the 


different stations to the same point of that building. 


Y 
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| 1 66. Distancts i the Obits * the Sah 16. (iniersected * 
. in tbe West of Cornwall) ) from Sennen Steeple ; the 
Stone neat the Land's End ; and tbe Longobip $ Light-bouse; 


As: the observations made to the Day-Mark, and St. Arne k 
Te lee may be Suppoxe sufficiently accurate; and the ball 
on the top of the Longship's Light-house was also observed under 
favourable circumstances, it will be proper to apply the correc- 
tions to the horizontal angles, in. order to obtain those formed - by 
the chords. Taking, therefore, Pertinney as the car: POUR, 
and e with the 1 8 vz. 


- {brig OY 21 DS: 73H 7 


he Day-Mark = 
for calculation, between 7 nes : 1 
ip Light-house and Hy Light-house | 118 80 


20% we get the 
25 distance of 

| houefr -<h | 2 5 Sei . 1 25 feet =: h- 0. 
: Calculating also, with the distances of the two other objects i in 
the Scilly Isles, and like wise those of Sennen Steeple, and the Stone 


near the Land's End from Pertinney, with the included angles at 
2 the same stati ion, we get 


the 3 at EN e r 


Scilly Li; "Tie Tag 
Fe \ Plagste in St. Mary's I 


Windmill in St. Mary's = 151198 = 28.63 


of the Scilly Isles, Menawthen is the nearest to the Land S _ 
being about 15% miles eastward of the Day-Mark ; and the cluster 

of rocks, called the Bishop and his Clerks, the most remote, being 
35 miles west of St. Agnes Light-house. Combining, therefore, 


162 100 = g9.7 


from — 158744 — . gs 48. 11 


8 5 5 1 55 * IT Miles. 7 

Day-Mark = =, = 199521 = 26. 43 

Sennen steeple Scilly Light-house = 166235 = 31.49 
5 an 150 Flag Staff in St. Mary's = 1357912 = 29.95 
| _ Iw Windmill in St. N s = 155299 = 29:41 
Stone near the {Da Mark 55 1 135348 25.63 


— 
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A viith thoee! digtances, we may onclude, that 
the nearest part of the Scilly Isles is eren miles dion: We 
— AAR © e niit els gol 


* 


Account of a Donna Survey carried o on in Kent, i in | the Ye ears 
; e and 1796, with 1 the mall circular Instrument. Pl. XXII. 


- £ of * y 


| 167. Particulars. rexpecting. the Insrument.. | 


Thi inefrumort used. in eben made by Mr. Rab 
and is about half the size of his large theodolite, or circular i instru- 
ment, with which we take the horizontal angles, but nearly similar 
to ĩt in all its: . 5 ES a WG brief e e — 
sufficient. y 

The most VEE] variations in the o oonstruction are, . 

1. The levelling or feet screws. These are below chat oth 
zontal movement which serves to direct the lower telegcope to any 
particular object. By this position of the screws, the horizontal 
cirele being once made level, the whole instrument may be moved 
round without disturhing its horizontality; the levelling. Screws 

remaining stationary during that operation, which cannot be done 
in the _ WW because the e are Cartieet young. 
With: it. 

2. The e of the Botan. n hob . half that of 
hy PB nay one, it follows, that the space between any two dots on 
the limb, gives double the number of minutes that are contained in 
the same space on the greater circle: on this account, each revo- 
lution in the micrometer screw in the microscape: answers to 2“; 
and the circle on the microscopio micrometer being divided into 60 
parts, each division becomes equal to 2“ but for the convenience 
of notation, they are numbered at every th, with 10, 20, &c to 
30, the Goth being marked 1, to denote 1“: the number of seconds 


was found "Om to 10' 27”, 


Sas * is 
then commencing as before, the whole revolution becomes 2. The 


revolutions are counted by means of notches on one side of the field 
in the microscope, in the ame manner as in those of the * in- 


strument. — 
g. This instrument not n intended for determining the 
direction of the meridian, a vertical semicircle for directing the 


telescope to the pole star became unnecessary ; yet some appa- 


ratus was required, whereby small elevations or depressions from 
the horizon might be ascertained with a tolerable degree of preci- 
sion. For this purpose, a moveable index, of about four inches 
long, is made to turn on the horizontal axis of the upper telescope, 


and so constructed, that by means of a finger screw, it can be fixed 


firmly in any position. The lower end of this index is furnished 


with a steel micrometer screw, having a circle on its head, divided 


into 100 parts, for shewing the fractional parts of a revolution, 


- while other divisions, on a chamfered edge of the index which 


marks the fractional parts, give the number of . tions made le by 
the micrometer screw. | £44 ſonido Andi; 
The method of finding the hes: of a FOE FER of the micro- 
meter head in parts of a degree, &c. was as follows: ¾̃ 
A rod, 14 or 16 feet long, was placed horizontally: about — 
quarters of a mile off, and the angle subtended by its ends measured 
with the instrument in the usual way: the rod was then set up 
perpendicular at the same place, and the cross wires in the tele- 
scope directed to one of its extremities: the telescope was then 
moved in the vertical plane, by means of the micrometer screw, 
till the cross wires coincided with the other extremity. In this 
manner, by counting the number of revolutions, &c. necessary to 
move the telescope from one position to the other, an angle was 
measured vertically with the micrometer screw, equal to the former 
horizontal angle. From one n the es of a W 


Car) 
This instrument, on account of its portable line, may 'very 


qd ily be taken to the tops of steeples, towers, &c. and is, there- 
fore, extremel y well nn to bas: uses for which it was intended. 


.. 


* 


Stations. 1 2 5 | 


168. Folkstone Turnpike, the station in 1787. | 
_ Hawkinge, about three quarters of a mile from Folkstone Turn- 
pike. This station was chosen for the purpose of having a view of 


the Belvidere in Waldershare * which cannot be seen from the 
station of . 


Dover Castle. 


Paddlesworth ; about 400 feet. from the station of 1 787%. This 
new spot was selected, because Hardres tans is net visible from 
the old station. 


Waldersbare ; on the Belvidere i in = Earl of Guil ford' 8 Park. 
On Ringswold, or Kingswould Steeple. 


On a sand hill near the sea shore, between Deal and nenen 
this station is denominated Shore. 


Near Mount Pleasant House, Isle of Thanet. 
On a rising ground near Wi ng bam. | 

On Chislet Steeple.  _ | 

In Beverley Park, near Canterbury. 

On U * Hardres . 


Triangle for OY the Distances of the Sta t ons. 


1695 As the station on the low af Dover Castle, i in 178 7 was 
directly over the steps of the Turret, a new point was chosen about 
64 feet from the former, where the instrument could stand conve- 
dent) this x new point is about 2.8 feet farther from Folkstone 

| 3 G 


C 4˙ 3: 


Turnpike, and 1 foot: farther from Paddle worth, than the en 8 


OY the old en, 2 ih tk. bg 
_ 7 1 
Dover Castle Tra Folkstone Turnpike 815361 
| from Paddlesworth 42563 page e146. 


Hence, the new point on Dover Castle from Folk- 
stone Turnpike . 


— — 31338.8 

from Paddles worth Sq Yet, 
In order to obtain the distance between Waldershare and Dover 
Castle from those new sides, or distances, the three . of _ 
Rowing triangle were "ay OY taken: : | 


0 


Dover Castle 3 49 16 3 49 15 hy 

12 Turnpike 36 9 31 36 6 go r 
Hawkinge = 140 4 16 140 4 15 155 
cM S837: 

- X08 third angles of the two next triangles were not observed: 

3 

| en TS ts 44 23 30 

| 4 Dover Castle 1 73 53 44 
(Valdersbare - — 2 61 42 46 
Dover Castle 62 24 7 
Padd les worth (the cation of 1787) 32 36 9 
Waldersbare— 84 59 44 


By the two first triangles, Dover Feet. RY, 
Castle from Waldershare - 223019.4 28020. 5 mean dis- 
From the latter - - 2021.51 tance, 


Dover Castle 28976 
And Hawking e fr om{ Waldershare 31616 95 
N. B. In all the following triangles, the angles at the stations, 
or objects, denoted in italics, are supplemental, or were not observ- 
ed. And it is also to be remarked, that whenever Paddlesworth is 
mentioned hereafter, the new station is to be understood. 


. "5 


x 
— 4 


1 "Niaiies of Stations. : 10 2 
f HR 8827 . . D f . | 
[Waldershare 83 2 25 Paddlesw. { Dover | 42299] 
Paddleswortn | g2 53 10 | from Walen | 37460 | 
Dover. — ] 08 4 25: |: 38.10 
[Waldershare | 57 1 15 f ts acroſs” i 14851 
Paddlesworth | 69 21 59 T Paddlesworth 39035 
Hardres - | 53 36 46 | n F-12538 01 
[Dover - [ 66 46 45 © 4% n 
[ Waldershare 57 57 24 8 1 [Dover — 23745 
Ringswold 55 15 51 Ringswold | Waldertare| 25748 
3 . 30 ee 
Waldershare | 45 4 N Waldershare 42755 | 
Ringswold 97 38 32 hore — — 30883 | 
r e 
Mount Pleasant 40 53 17 — 30635 
Sbore 111 8 27 Mt. Pleazant Waldershare hs gr 
 |Waldersbare | 27 58 16 : 
Mount Pleasant 31 35 12 Ni. Me. Pleasantſ 33459 
e - 119 382 5 Wingham warns Fo 37031 
Waldersbare 28 32 43 | 
Mount Pleasant 38 32 17 _ 5 . I 
Chislet - 79 2 36—35 ount Pleasant 30062 
Wingham = | 62 8 Ct Wingham = | 21206 
J 4 8 5 
ardres - | 52 46 14 af 
Wingham TY 29 1. [Hardies from Wingham | 39322 
 aldershare | 57 44 55 | 1 
Wingham - 50 4 © f OE As 
[Beverley Park 75 o o 1 am 33320 
5 Hardres | - | 54 56 4=—0 Beverley Park Hardres | FIR; 
"ade BLOES aaa, (2 . 1 


441 


170. — 9 5 
| is Triangles. 5 * 3 Dine of the Stations 155 the : 
I . observectc. intersected objects. | e 
2 8 N ' . 7 L 4 1 | 2 1 Feet, | | 
|\Paddlesworth = - 38 28 3 rendmill © - {1 9798 1 
Waldershare — e 9s 24 Wind =. {| 1160 
Barham Windmill CFF N 
Dover nn enn 18790 
Waldershare - - | 44 23 40 Abd Wl : 4 | 18160 
St. Radigund 5 e N — b 43 
Dover r 16617 
 [Waldershare - - 7 40 31 40 ; Hougoogm _ i 24726 
Hougham cnc ne bs 5, 3 
Derr 132 41 51 „ 
Waldershare = = | 17 46 31 | e i 16123 
Gunston n Steeple REES 133 
Dover - "BB 19 85 | io. Mamas 7 endo 
 [Waldershare - . - | g2 34 23 J 2 | Ea 1 26817 
St. Margaret's = we 5 8 2 LEN 
Hawkinge | 84 50 39 N Y ον.§ 1 7 Bag 
| ale ere — 15 3 14 }Windwill 1 f 31963 
Elbam Windmill I NOTTS FOLLY 
Dover — — 39 78 39 ws es ine 
Ringswold = 0 08. 7 JLight Eby 8 1 16403 
[South Foreland Light- ker 
mar | BOS | 
PWalqershare [17 10 7 F 
Rings wold hir } Windmill ev 1 8718 
5 — Deal Windmill VVV . 
Waldershare 22 20 10 ID f 35160 
Gere == = e g8 87 Pen chere — (688 
15 een, TE cl +: 3 | 
aldershare 9 8 8 5 HE” 12 | 
Fs Deal Wi dad 1 1 F 
Waldershare — 19 28 27 | | 34689 
Ringswold — 121 2 45 Deal — { 14505 | 
Deal Castle : 


L. 4137 


3 . Angles 


_—C 


wat 


1. - Distances of the stations fom the 
observed. [| | | 


intersected objects. 


% 
1 


— 


n 


gewold - = | 57 41 29 
Norbourn Windmill _ 1 


N — - | 42 26 26 
KR. 


ol 


o 


4 


| 


2 
2 * * —— ˙§[é—Ü—¾qͤ· . R A ͤ E uy — mb os 
» * 


} Windmill 


Waldershare = | 9 19 40 


Watch-house near the 


wn Wach- hose 
Ringswold - = uchi a 33 (SS mn * 


E. 


Walgershare 1 29 45 47 
Ring sSwold — 


— 05 Castle 


- [111 20 13 


* 


Joandown cad. Jer 


Waldersbare Mar: 29 13 


|Walmer Steeple © 


8 — = js 33 50 weine 


Waldershare 88 ph 35 53 


ingswold - 69 33 23 
nt, Steeple 


n 


aldershare = — 20. 45 rr 


aldersbare Steeple _ 


ingswold _ | 5 35 50 


| } — : 
> 


Waldershare — 3 Tag 49 


Eastry. Steeple - 


Shore - 21 57 46 


JEavtry - 


td 


|Waldershare - =— 35 10 6 
Shore = — 
Asb Steeple 


Jak = 


hore - — 


Minster Stecplle 


aldershare - — 28 29 39 


MM inster 


Waldershare— [ 5 43 28 
Woard. Steeple | 


[Shore - | 19 37 24 


fans = 


” * 1 
DIR JCͤͤ ĩ¹·ey? ! ̃. ·˙·˙¹⁰ . ⁰ = T IWF” S% 'Q „ 


1 * — ot _ 2 


Waldershare 1 35 31 


Shore 59 30 36 
Sandwich, bighes! Steeple NE 


Joandwnch 


7 
rr 15 * 5 


- 
N - 2 6 * — — — — — — 

=5 ” = 

e . ee AF FS xy ar > CURING I We 99%} Me * m — * 
* 
- C * * Oe 
- - ; N - y J A by 
* F . - y * 
— - 


- 


Ringswold . 
S 
Mongebam Steeple _ | 
| Ringswold - Fe 1M (547 


4 
yy — 
— — es ed mn 


| Distances of the stations from the 
1 | Intervected ern, | 


w—_— 


” de * 


Shore 
Norbourn Steeple 


_ |Ringswold = , VE 
Shore Wy 
44 oodnesehorough Steeple 


yy 


E 


Shore 3 
Mount tant — 


[Ramsgate — 


41 10 35 
47 47 nt 


? es " 


* v . 
* 
q . 


| Windmill 


Shore 
Mount Pleasant 
St. Lawrence Steeple 


El 7 58 


Waldershare . 
Mount Pleasant 


. Wingham Steeple _ 


; 3p ET 55. 43 


| /aldershare _ 2 
Mount ee — 


Goodneston Steeple 


1 8 12 40 


17 58 32 | 


: _—_ 


Chidlet is = 


Birchington Steeple 


Mount Pleasant 


— 18 0. 
$2/.19--4 


— 


[Mount Lleasant. 


Stormoutb Steeple 


[Mount Pleasant 


Chislet — 
St. Nicholas po | 


19 36 3 


21 19 41 | 


jr. Nicholas ; 


Chislet 4 


16 3 1 5 


Romans 


M ount. Pleasant 
Realer Win ndmill _ 


- 1.22. 14 40 


81 14 59 
- 4 * 4 
SLAG TT oO 


+ . 


— 


* 3 
* 


| 


| Mount Pleasant 
Wingham 


4 3& ” 3 + F 5 1 7 
* 2 14 $1 7 . & 
* 1 - > AST. * % * 
— $ ©'Y o 9 4 * x $8, 3 % Ta 0 * 
ny 4 * * 8 


Sout 


Rialver 3 


A 


Obref ved. 


Camp 1 5 


— 


_ F A oe ww ver 4 


Dis tances of the stations from the 


TIE e 


Mount Pleasant 
Wingham | 
Hearne Windmill 


SAS 


IL 
— | — 


"5 #4 


| "50, 5¹ 7 
50 4 


78 


Wingham 
Waldershare 
Littlebourn Steeple _ : 


108 34 
3 


11 


17 


35 


Hardres 


— Wi ndmill 


inghain = = | 99 95 [Jn 
Blean Stecpl i 37S 
Wingham - — 159.11 7 [wr 
Chislet 553 | 24, 25 37 We Pan 
Nickbam Steeple e e,, 
Wingham - 72 3 26 
[Chislet ei 0 33} Trekham 2 
Ickbam. Steeple of = LED ECON 
Wingham = 21 | 47 35 34 Fg SO, 23584 
Beverley Park - [44 59 50 Bridge Windmill 24628 
Bridge Windmill _ DD 4 4 
Wingham = 33 27 20 e 
Beverley Park = EY 29 54 Peso 2 {| 18776 
Nackington Steeple | Cs 1 
Wingham - - 80 53 7 J 15091 
Hardres 21 53 16 Porn { 39811 
Chillendon Windmill © | 4 4947 
Wingham — 122 1 10 . 
Hardres — 8 3 28 f PTE { 43572 
Preston Steeple Bn - 
Wingham - 30 49 ons n | 67736 


* 
N 5 
** 4. / 


1 N I 
. 
8 
N * 
. 5 


Hardres 
Paddleswortngn 
. esl. Stone - Street Wi nd- 


8 
*4 
RE 3 bore 
a 
— 48 » » èêk“ 
— . L * nn 
1 W 


0 1 | 
observed. 


e Pak 


St. Martin's Windmill 


n Fo 1 . 
1 N re 9 5 R * Fe=ñæꝶꝶꝗ ß. F ,. - f 
9 a 5 ! 
| 0 . 
2 8 16 


intersected objects. 


ae of the stations 7 SIO. the 


Jet, Martin's wn. 


— 


Harbledown Steeple 


{Hardres TE 7? 


Beverley Pax 39 25 30 


[JHarbledown - {| * 


JHardres ,- 
Beverley Park 
Sturry Steeple 


17 29 59 


84 3 58 


i 


]Sturry | 


. - \, 
: , 4 - 
2 
0 e 3 " n — 
com 
2 — 
. 
* 
o 
- * 
5 


Waldershare 
Harares 


Canterbury Cathedral _ 


24 29 21 
105 96 14, 


[} Canterbury Cath {ſs W 


mill 


4% 4 34 | \windmill | 


27 2g 18 


1 
4 
— eb, 
8 
— 
* 


Hardres 
Paddlesworth = 


57 © 90 fJIStelling Winamill {| 


15 3 20 


Stelling Windmill 


Triangles carried over another part of Kent in 1795. 


171. On account of the high woody lands to the westward of 
Hardres and Paddlesworth, the triangles could not be extended in 
that direction, and therefore the following may be considered as a 
| detached part of the Larven this year. 


The Stations were, 


_ Westwell Down, 

N. ye Down, 
Brabourn Down, | 
—— * or Aldingian Knoll, the station in 1787. 


0 . 
* 
. 4 © 
%, 4 " 
# > * 
ed? * A , 
* 
* 
* 
# 
ky [ } 
3 
” 


C 419 1 


Alliagton Knoll from Tenterden Steeple (triang. xix. p. 144), 


is 61777 feet. The centre of the top of Tenterden Steeple is 
about 4 or 4 feet farther from Allington Knoll than the point 
marking the station in 1787; therefore the distance of the centre 


* from Allington Knoll will be 61 782 feet, which is used in the 


following computations ; because, as a flagstaff of moderate height 


cannot be easily distinguished among the pinnacles at any consi- 


 derable distance, it was thought it might be sufficiently accurate 
for the present purpose, to intersect the steeple itself. 


bo F< ws 5 | TER. 8. 1 „ SEG. 1 15 I 
172. Triangles for determining the Distances of the Stations. 


De 


oy _— 


— 


| Stations. . Angles. | . Distances. 

| 3 es JF . | \" Feets ; 
Allington Knoll | 61 37 46 [WestwellD. Tenterden | 58629 
[Westwell Down | 68 © 16 from LAllington K. - 

Tenterden 50 21 58 | : 8 

Westwell —— SN Allingt K. 6 
estwell Down | 45 54 19 ing on 37369 
IIS Down - | 99 28 %% e Dow T Westwell D. 29562 
1 3 

Allington Knoll 96 15 23 N 37360 
Wye Down - | 54 19 24, Wye D „Tee 7560 
Tenterden 29 25 13 3 

Wye Down - [45 8 41 N ĩ˙ AA 77 ap 

Westwell Down 113 54 35 Westwell D. from WyeD. 29506 
Tenterden 20 56 44 © ng 
Allington Knoll [116 49 40 Allington 2 26437 
Brabourn Down | 45 25 31 BrabournD, (Tenterden | 77897 
a Varna BET 
ington Knoll 55 11 54 THE: estwe 42233 
{Brabourn Down] 9g 52 23 en 5e K. 20435 
Westwell Down 30 55 43 | TORY hey 


—* 


„* 


160 
' 
| 
| 
| 
| 


a ————_ „ 


8 420 


1 17 3. eng Triangles. 


* 


ts. 


L-: 7 r 1 


18 


Eastwell Steeple 


717 Q 


i ; _ Triangles. „ Angles;;' Pixtunces of the stations * the 
by 5 My. obgerved. 5 1 intersected N 0 Ds 
W 1 5 2 = | 1 , ; 4 F F 1 % Eb 16% | 8 | 
C 42 20 5 1 JI 23922 
Westwell Dwn 33 35 53 eher a E 20023 
Ashford Steeple ii ene 
[Wye Down "86 44 28 1 7989 
Westwell Down = 15 18 43 j rok = \ 30181 
Brook Steeple 
[Wye Down - Go 6 18 | 21881 
Westwell Down - Lag 28 29 N eg | 26607 
|Willesborough Steeple | 0 PR By 
Wye Down WE: 2 28 19916 
[Westwell Down . - [41 37 o Fama . { 25443 
Willesborough Windwill | . 
Wye Down =<- 38 20 46 | 32498 
Westwell Down - 63 40 7 ſKingmart = 80 bi g0g60 
 |Kingsnorth Steeple | : 
Wye Down = | 52 13 44 44118 
Westwell Down 85 50 2 []Shadoxhursr wy A. 34966 
Sbadoæburst Steeple 5 3 ETSY 
Wye Down - | 26 38 18 | 16989 
[Westwell Down — | 27 54 54 Tenge : El 16271 
Kennington Steeple 2 
Wye Down = 85 23 7 34029 
Allington Knoll — 54 24 4 [Grat Chart 1 97083 
Great Chart Steeple 1 
Wye Down _ - | 96 45 26 27384 
Allington Knoll - | gg 49 go [Pros Wi 48851 
Westwell Steeple | wy 
Westwell Down - | 97 22 43 20768 
Allington Knoll - 20 53 1 rie Fo 57778 
Pluckley Steeple - — 
Westwell Down 5 55 0 Kea 9168 
Allington Knoll N 1 


4 93 


3 


(L 41 J 


—— „„ 8 2 FEY I" * 


Triangles. K Sacks Distances of the stations from the 
Ti Ivy | observed. :intersected objects. 
[| bh: DION * | ED FR * Feet. | 


Westwell a — a | 10211 | 


Allington Knoll - | 5 24 © 60085 
[Charmg Steeple | _ 3 | 
[Westwell Down - [ 3 15 4 
Allington Knoll - [37 34 51 3333 
Allington Steeple 5 


Brabourn Stee me - | 34 50 49 a | | 
Allington Knoll | 75 59 12 }Ly _— ”* 
Lymne Steeple | 5 5 

Brabourn Down = [33 12 51 LEES: 
e Knoll 45 9 19 jMersham 8 14784 
]Mersbam Steeple 3 Sk, 


27443 
16 16 1 


{ 
Allington h - { 49609 

i 

i 


Brabourn Down = 7 N 10657 
Allington Knoll 23 46 14 }Monks Horton { 00 
Monks Horton Steeple 0 5 | 


Operations in 1796, with the small circular Instrument. 


174. Stations. 
Lydd Steeple 
_ Allington Knoll 
High Nook 
Fairlight Down 


Goudhurst-Steeple | 
Tenterden Steeple _ (near the centre of the roof ). 


Westwell Down, the station in 1795. 51109 
Srͤlver Hill, near Robertsbridge. The station is 22 yards 8. . 

of the Windmill. . | | 
eee Malberb eee. 


Stations in 1787. 


3 H 2 


N 158 


| . 


— 


* 


4 


[464 2 


i 


EY 2278; ragte for finding the Distantes of the Station | 


WC TAs 


| Westyell Down from Tenterden Steeple = 
uh): this used } in the following r . 


„ 


Boughton Malherb 
Westwell Down = 1 
Tenterden 


58649 1 (are. 


34 20 43 TIRE "I 


gives the distance from Boughton Malherb to Westwell Down f 
383409 feet. Also, from this last triangle and the next following, : 


Don" 3 
Boughton Malherb 


(using 54876. 5 feet for uy distance from Tenterden to Goudhurst, ; 
{Þ- 143.) 1] IT On 7 | h Z BE 


| 53 54 20 


 Tenterden = = 


we get 33405 feet for the 3 


hence the mean, 33407 feet, may be 


73 59 56 


between the same stations: 
taken for the true distance 


between Boughton Malherb and Westwell Down. From this lat- 


ter triangle also, we obtain the distance from Boughton Malherb 


to Tenterden 53097. 2 feet. 


F >, SMES 4 tt, 4+ 


Triangles. Angles. Distances. 
. TY SES OM. 7 5 N 3 
Silver Hill - 70 32 26 Silver Hb from Goudhurst| 49048 
[Tenterden — | 48 38 27 | 1 


Fairlight Down from Tenterden 71637: 2 feet, (p: 14s * 


Silver Hill 


Fairlight Down | 46 34 5 8 
5 3 8 Silver Hill from Fairlight D. 56 174 


2. 47 


Tenterden 


"s 
* 
Py 
25 
ol 


L 4299 


By be two last per we get 524,72, and 52481 feet, for the dis- 
tances of Tenterden from Silver Hill; the mean of which, 2476.5, 
we shall hereafter use in determining the distances * the e in- 
tersected from those stations. | 
For the distances of the Stations .in 1787, made use of i in the fol- 
lowing triangles, see Art. 57. The point marking the Station on 
Tenterden Steeple in 1787, is considered as being too near the centre 
to make any reductions necessary for these computations. The 
greatest uncertainty in any of the distances, on this account, can be 
only about 3 or 4 feet. | 


776 During the operation of this year, the instrument was also 
taken to the following stations, viz. _ 

Bidenden Steeple, Leo 

-Hartridge, , - 

Warehorn _ 

Stone Crouch, 

Iden Steeple, 

Brede Steeple. : 155 
To determine the distances between these objects, and the stations 

from whence they were observed, we have the following triangles. 


3 4 
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1 78. At Folkstone Turnpike, the berg of the — on ; Dover 


Castle in 1787, from the parallel to the Meridian of Greenwich is 


6;* 52' 46” NE. The new point on the Keep is 6 feet north=east- 
ward from the old-one; which will subtend an angle at Folkstone 


T urnpike of about 38; therefore the new station bears 65 52' 8" 
NE. The bearing of the centre of Tenterden Steeple from. Alling- 4 
ton Knoll, is 1 the same as that of the station in 1787, o 
85 47 25” SW. See page 133, for the bearings and distances 
whence those in the three following Articles have been. derived, 


But it may be proper to remark, that some of the bearings (an | 


| consequently the distances from the meridian and perpendicular) 
-which depend on Goudhurst and Tenterden, will differ a little Abe 


obtained from different routes, because the stations in 1787 we 
not at the centres of the roofs of the steeples. These variations, 
however, are of little consequence, as the computed. latitudes and E 
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Bearings from the Parallels to the Meridian of Greenwich. 
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182, Latitudes and Longitaes m oba ineretted in n 1796. 
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Chislet Steeple 


Hougham Steeple 


Parham Windmill | 


]Gunston Steeple - 
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St. Margaret's Steeple - 
South Foreland 1 
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st. Radigund's Abbey 


- ld 


[The Belvidere in Waldershare Park| 
Ringswold, or enen xa gf 
Upper Hardres Steeple . | 
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51 11 3: | 22 
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% un er Su Ns Longitude east from 
| Names of Objects. Latitude. _-» - Greenwich. . 
- | | 398 | 55 In degrees. In time. [ | 
PIE on | on; VV 
Elham Windmill -—- - 51 5 44 | 1 14 1|4 56.1] 
Upper Deal Chapel 13113 2|122 44| 5 30.9 
Deal Castle | 51 13 5 1 23 39 5 35.9 
Watch- house near the sea shore 51 10 21 [ 1 23 463 35.1 
Sandown Castte 351 14 18 | 1 23 59 | 5 35.9 
Walmer Steeple - - | 51 15 29 123 8| 5 32.5 
Ripple Steeple . = = 51 12 12 | 1 19 © | 5:16 | 
 [Waldershare Steeple - =— | 51 11 13 1 16 59 5 7.9 
Eastry Steeple — - 51 14 44 | 1 18 26 | 5 13.7 
Ash Steeple - -— - 5116 441 16 94 | 5 6.3 
Minster Steeple - = 51 19 30 | 1 18 46 | 5 15.1 
Woard Steeple - - 31 15 23 | 20 41 | 5 22.7 
andwich highest Steeple - 51 16 go | 20 15 | 5 21 
ingham Steeple -—- = 51 16 21 | 1 12 384 50.5} 
Goodneston Steeple - 51 14 45 | 1 19 36 | 4 34.4 
Littlebourn Steeple < = 51 16 40 | 1 11 1|] 4 44.1 
Canterbury Cathedral - 31 16 48 | 1 4 51 | 4 19.4 
_ {Mongeham Steeple - 31 12 5g | 1 21 18 | 5 23.2 
Norbourn, or Northbourn Steeple | 51 1g 18 | 1 20 17 | 5 21.1 
Woodnessborough, or Woodnesbo | E =: 4 
rough Steeple - —- [51 13 471 18 17 | 5 13.1 
_ [|Ramsgate Windmill — - | 51 19 49 | 1 24 20 6 37.3 
t. Lawrence Steeple - — | 51 20 16 | 1 23 36 | 5 43.7 
Birchington Steeple - -— 51 22 25 | 1 18 13 | 5 12.9 
St. Nicholas Steeple - 31 21 15 | 1 14 57 | 4 39.8 
Stourmouth, or Stormouth Steeple | 51 19 1g | 1 14 3 | 4 36.2 
The South Reculver - = | 51 22.47 | 1 11 50 | 4 47.3 
earne Windmill © - - |5121 20]1 8 6.[4 32.4 
Blean Steeple = - 51 18 19 | 1 $4 þ 4-18. 
IWickham Steeple = - | 51 17. 3 38 4 43.2 
Ickham Steeple — 51 16 45 1 10 57 4 43.8 
Bridge Windmill = - 51 14 Fj} 1 „ 
Nackington Steeple 51 14 59 1 5 14 4 20.9 
Chillendon Windmill 51 14 32 1 14 49 4 39.3 
Preston Steepfle 51 17 55 | 1 12 34 4 31.66 
Shottenden Windmill 1 51. 15 41 U 55: 25-1 841-7] 
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Longitude east from 


Names of Objects. Latitude, | Sreenwich. 
road at 1 In degrees. In time. 

| 0 1 0 13 Fm; 1 

Harbledown Steeple = - | 51-16 38 | 1 3 134 12.9 

Sturry Steeple = _ 51 1755 1 7 5 | 4: 28.3 

West-Stone-street Windmill - 151 20 22|.1 1 46% 47 

Stelling Windmill =. : [| $1/10-S1;4: 1:8 +:0:;þ 47-194 
Ashford Steeple = - 31 8 56 | o 52 183 29.2 

Brook Steeple _ - - 151 9 380 57 83 48.5 

Willesborough Steeple — 31 8 140 33 32 3 35.3 

Kingsnorth Steeple — 351 7 30 31 493 27.3 

Shadoxhurst Steeple - - 31 6 140 48 533 15.5 

[Kennington Steeple — — 51 10 12 | 0 53 243 33.6 

Great Chart Steeple 31 8 330 49 393 18.6 
Westwell Steeple = - 51 11 39 | 30 99 | 3 22.6 

Pluckley Steeple — — 351 10 go | © 45 14 | 3 0.9 

Eastwell Steeple - - | 51 11 24 | 0 52 24 | 3 29.6 

Charing er - 51 12 37 | 0 47 44 | 3 10.9 
Allington, or Aldington Steeple 51 5 16 | 0 57 363 50.4 
{Lymne Steeple 55 | 51 4 20 1, 1 2% 8 
Mersham Steeple - — [51 7 10 55 473 48.1 
Monks Horton 8 geil 


18g. Latitudes and Longitudes of Objects intersected in 1796. 


Linton Steeple | — — | 51 13 24 | © 30 402 2.7 
Sutton Windmill - - |51 12 46 [| 0 36 92 24.6 
Chart Sutton Steeple — - | 51 12 36 o 34 54a 196 
Lenham Steeple =—- - 51 14 13 0 43 62 52.4 
Romden Stables 51 8 49 | oO 42 362 50.4 
Smarden Steeple - 9 [| 51:8 57 Fo 46 $8713 44:5 
Bethersden Steeple - = [31 745|0 4510|g 0.7 
Rolvenden Steeple -<- = &1 8 3 0 37 50 | 2 g1.3 
[Beckley Steeple ol wie. 30 59 10 37 24 2 29.6 
1 „ +: = , {51 6 - o 38 23 | 2 99.5 
Headcorn Windmill EW 31 10 21 | oO 96 41 | 2 26.7 
Ulcomb Steeple - „ 181 18-1410 0314 03 
Staplehurst Steeple _ = [51 9 30 o 33 92 12.6 
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Names of Objects. Latitude. 4 l 2385 
$ 1 5 In degrees. In time. 
{Cranbrook Steeple - 5 [> 
Egerton Stezgl CEL 15 5 500 32 102 8.7 
Frittenden Steeple . - '$ PS. 54-9] 
nargate Steeple - 5 5 
Snave Steep'lte of „ 
Warehorn Steepte 0 „„ 
JOrleston Steeple = | 5 0 55 „ 
Winchelsea Steeple | 5 : 28 ae 
Sandhurst Steeple = - go" LO ITE 
|Whittersham Steeple = 8 . | — 5 ufo 
New Church Steeple =—- 1 51 2 OE Ba jrr 4s uot 
Ivy Church Steeple - = 1 23 
St. Mary's Steeple = - 8 3 6 8 | 3 88-2] 
East Guilford Steeple -— | 50 67 gn 1090 22 | 3 459 
Appledore Steeple = 31 57 „„ 
Old Romney Steeple = 5 wi : B 
New Romney Steeple x 3 89 35.15. 53 50 | 3 35-3} 
Playden Steeple - — - = 0 Fe 201 8 466] 
 ]Brookland Steeple - 35 $7 1 36 | 2 55-7 
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% ̃ͤṹ 4... »DMV ʃ—?•f . ¶ ,,,, ̃—— , r — 1 r 2 = 
. 2 * : 9 


. ; , , 1 


. - 

4 2 4 2 * 
r 

8 $ — * 


ke 


"1+; yang beer 


rr 


. ns FS te a 1 — 


1+. a FP 


an rr 
„ ꝗ—’H—d —— —* ——— Ae” I AARP e PP 
95 2 3 * 1 * . 


* g . 8 „ LA 


8 


$3.3 ' 
WATT Roy ret 


- 7 8 — 50 "S. y pf Ir * 7 I 


7e-ends of 


: 
\4 | Y \ 


* 


OO 09) 0): CO SURG ˙ w ²˙ w , Wane + OY EI PR Sy EE * 9 —— — 92s EN 5 : n K — Y p . — 533 «„ 


r U , ] a > - — — 5 e . 6 OO is 
l * RY a 1 


by 7% bo A - 


- — | r 8 N * * , | 7 br 


1 4 
5 . 4 * r x 1% . * . 
4 y . £ +4 * * " 
: * * 8 * 


9 I | E 


5 CO TS OO ene 
n . * * 


: 2 * 


o 


# 


* c 5 „ : 1 J 3 


" " n 


4 _ ; Front of the Friem Eye Tube. 


4 . N 
or, 4 W 


5 * * 4 1 \ 


. 19%. : 4 BET On rw ay: 
: Derne nee 


eee ene e lte een 


— 7 
. . 
o x 4 * + 
— PR 4 
«es 5 
” 4 Ed 
* B * 
. x s x 
s . _ 
* * * 9 7 * 
. * 7 - . * 
8 1 
— 
” 0 U 
2 * . * 

» — 

or ws. >» 4 

" — 
"OD — * * 
5 - * 
* * . 
. x 7 ” 4 - 7 


7 z EA 8 i 5 | 
} R : ; 
- *; F 5 8 " 75 % ; * - 
* 1 * , w * < g ; ” 3 - A 7 ; 2 | 
; ; 7 1 ASS" 
— & $ — 1 - . 8 
# 8 . ; . 10 5 5 
a * »*4 7 1 1 f ; : 
K : 'Y 
* 8 N 
- c . s 8 14 4 N 
: . ; 7. i 
4 a N $ : x 
* | 


1 2 Ke 8 
1 - 

. 

; 

7 { 


F 


a AE | . 


—— — tl kk 4„46 
4 * 2 — : — d 1 


— - 


— — 5 
—— 
== I — 

- —— 


& * 


TY 
W 


—— 2 07 SAALS 


—3＋ n — —u— 0 — . . ˙² W — 7 Or 7 (ART REY" A MO VE IT'D Ate. — , 7 er — —— 
r ,,,, ̃]— ⁰irm... ̃1!1I ͤůwũuũ̃ rs ov o4g e eee 924 — r 2 2 7 m4 00 
7 — P,. UBT T2 4 ER — — — 
ws — — — N . — = . 
” 1 - by LY * 0 L N 
».” 1 Q 4 
J 1 - » 2 
* - * 4 - ; 2 N 8 Fa ! > » 
1 p * we n , . > - . $3 4 Fl 5 8 . 5 0 "£y 4 
5 N 
. : » : a : » { .- — - 


5 - $ \ * 3 * 
* ; 
8 F : ; 7 
— | . * g 
k * . 
+ * 
2 8 & 
a * 
” — 
" * 89 
i um I * — ug p 
[1 % 3 wo? HE 
| —_—_— * N 


e If ODT AI en tr AIR oo en, IHR e 


4 


: 4 
a: >< „„ 0 „ 


= 
8 
> 
* 
* 
a - 
o 
2 
7 
+ 
* 
* 
1 
- 


7 


8 
ba 
» 


F 
„ 


1 4 „ —— - 3 — 
N 4 


* 


—— —— — —— 2 * — - 


— 
= 
* 
Yo 


» : f . 


hs — äꝶä— v- + 8 © = us 4. 23 N 


1 x ; 1 7 £ 2 ; * 1 2 » 


7 74 


—ů —̃ů — 


1 8 — — 


. 
1 
2 
1 
* 4 
. 
* 
+ — 
* 
20 
1 5 
* - 
y 
1 4 
* 4 
ar by 


of 
2 —ů— 
2 


7 5 : ” T7 5 + Tt f 5 os 
* 1 . 
; = 4 a — 1 q : 
- * * — * 
5 8 ö 3 
1 Fl 3 
1 — 7 K * E Y 4 
: 13 L * * 5 
_ 4 by z * 
4 £ 4: %. 1 
: ' = of * 3 
1 1 
1 * — — As nnnnnnnn 4 


* b 4 . b 


i 5 —— — „ 
Oe? „ 


* 


4 
4 


- ; 5 * : 3 3 2 N wa / „ ; 8 a 5 


74 5 1 S 8 23 
— ——5 —— 


* 
is ( 22 —— e 


t * * 9 


—— e ES DIS 


I £3 
* * 8 8 x 
. 5 5 5 
j a WA, OBE 
„ N — ; 3 } ; & 
- i - a o 2 : * I a : * : is 8 
7 » + 8 . , 3 I: xs 8 
* £ I Xe 
5 ; 4 7 b JESS 
( | | * 1 : 4 2 8 
\ | 1 + . | 
L 5 3 .: 7 a , . 24 5 . 5 - 5 ' 
o 8, - þ4 a wy 
, 0 1 N e 
— 2 1 . ST £0 Ss 
Y : * 4 NE, RN : 6 
Ft - "4 y : 2 7 . ; V, : + ; * I . 
* 1 - * - Þ 
: 5 85 4 4 * $ 1 <4 "XY of A N. E 1 
L td - * 4 7 * 
* 11 — « — y 7 : "oy W's . 7 
i . , g 2 3 * 5 8 
5 * . . 0 "Ys . 7 85 % 
# i , : | E 1 ; 
* . SLY I £ 2 995 1 
* 8 FH . wy P 243 \ ies 
- 8 < 1 8 1 J 8 1 l x 4 ; © 2 
e Tube of the lele Et Es oy tl 
: Pits l 55 2 3 
- - * © Ce EE LE / = 49 2 
- * * 1 K N * 
„„ - . 
: ; 8 OI r 9 5 . Ta 
. . 92 xd 4 ; REED 7 
a i 1 7 3 2— n—geed P © 
& x 8 If 2 x oo, neg n 2 
. - da) Y , : 5 * g 4 xf 74 * + * * Mag 
T_T „„ „4 „«„4 „% —ä—— — ½˖ ͥ ! ̃ ꝶꝶꝶ «444 ©) ; ; l 4 PE FS „ | 1 
F 2 : ix: 8 | 4 nouns n, ö % a 7 ; - 4 J 
ö 1 4 . . £ 1 K 7 # 
þ : 4 x 
[ 1 . , : ( : $ : kh. _ 5 : : 
* , 1 +: N N 4 Pr * 
it : \ 5 
; 5 1 4 +? : ; ; 
» 4 * 2 = . . Y 
8 nd 4 N a * i N 7 e7 . & d % * 
* 5 , 1 > > + L > 1 775 5 5 
— F . * ” 2 < Po ; * : * * * 21 Sts n ; * 
13 4 i „ © 4 2 4 
1 2 ; 4 n « 4 W $40 ap 
7 F 4 W er 88 * 4 6 % S : 25 
"4 — o * * « * 8 5 A, 
a I 5 . 3 = * 4 0 N 8 RS be 
. 7 4 * * 1 2 k : $ 
4 ; „„ „ | 
4 ? | TI A b : 
g 1 „„ 8 5 
: „ „ 1 ; 
7 92 E + * 1 5-2 * 22 
” R J i "Re * * - 2 n — ” 
2 | Red, # a 3 4 . . - 4A 43 . 
$ » y ö n 1 * „„ 5 * 3 7 8 
> 5 3 a 2 F 3 9 N F 1 
—— .½ ꝛꝛ ¼ↄnlꝛ k Kkc4 4444444444444) 1 5 mobs cas X% 1 2 , FEELS 422 * « 5 5 
8 ; ' 2 * \ ; * 2 — 5 ö s 1 PE, 2 ® 7 | : 
„ ot Ds 2 ' K 735 Fs 8 | 
Pg . CCF!!! ag .. I he f 2 576 
Py | 1 1 1 = 4 be - 1 beg” 2 ” x 7 
-—— — \ : 6.4 g > 1 5 
* opus. iy x 
4. 5 8 IS; by f 
* 
* 5 + £ 2 EE N * 
8 8 1 : 4 N 2 
| oo wy 2 . , 
a 752 1 0 5 7; $53 as 
xs 1 EY N 7 2 7 
> 1 - N . pe 
N 5 — I 7 4 > 2 « nf 
„ a , 5, FP AT 4 5 
* =” 68 * 7 8 * \ - 
WH 4 : N - ? 4 . N ” 7 £ 6 
7 — 5 $ £ * 5 7 4 | & * " 
„ 3 1 25 4 RE £ : . 
WP, GY 3BY. P 2 = 2 
© A of 4 ; A = 
8 a 5 ads > 
Po LY f Ps * ; ; 
p \# 28 6 x L 4 : 
. 55 7 3 * 285 x 5 1 2 EIS 
bs * 1 — 7 2 * 5 7 
. . = 2 1 , - : * *, - a 
7 X x 2 * * 5 
een Ps & 8 2 9 Fl " 1 2 
e e k e e 
» PRES A 4 
f 8 25 7 22 : g 2 a ; 3 
* * * 8 ry 
6 - 8 8 
* 1 X P p 
* „ « 375 8 * ** 1 2 A 
Ee "A 1 9 
- 4 > "x * : J F : os 
— 2 ; . x 
4 4 8 . 
1 g — 
4 a 5 1 7 i c 7 * 
1 CE 4 8 Ch * . wo 1 8 
= 3 * 
F 2 9 
4 4 * 
3 * } * ” . + * FL ; 
. 4 : ; « ; 4 wy . „ 
F : 7 ? L y 47 ry, Fo 0 
7 4 * * * 8 * 4 
py A ** 2 ON 4 d , « - 
2 A : $5, 2 4 — 8 * Ri 
1 - Fs | * > Dy 8 
4 7 . | B v ; ths (2h 
. ö . K* 8” 1 1 : " 
p | 5 OY . ; 3 
7 : $8248 , 7 * C X 4 ; z, 2 
: { & / VVV 8 * OB Le. 
* ” N 1 . * i 5 5 : 4 1 ; 3 2 8 5 
y R fi: ES , 7 £590: N ; 
& ; 7 We” „„ 8 „ 
4 - 4 g ' © = R : 5 7 
1 % e F 5 * 
* % i Ry 9 * $ | 
0 2 A 8 , 2 2 
90 * BP 8 * * . „ 2 
4, £ * " PS a Y 0 If. 
* * 5 ; " © » = 
, ; : # : 85 . 7 * x 7 4 5 y e 7 - 7 f 1 : 5 N 
3 2 F = 
; 2 N X 8 ? 
— 1 . Py Way. F + . * 
G's N : 3 n 
2 ; "fs FW bs n 7 { 
: * \ 2 . % , F {44 I 
5 - * J " 42 W * 3 p 4 Fi < 
5 8 8 ; 1 
[og 4 , 1 b , 
8 þ £58 \ 
: 17 14 1 t 
. 1 * 1 * 
Fd KEE . 
_ LY * 1 J 


"4 . 4 1 { 
* 


—— — K * ——— ——— —— — 
— 


* EER 
—ͤ— 2 — - « 
— 4 — — 
ä —— — Fl 


3 -- ———— »s mt 


* — —— 


AF 


* 2 Fo 


ee SEL CME IETR . + 22 © —— 


N 


* 


---- . —— —ę— —— — 
—— — - * . 5 N 8 3 


= 
7 ig 
j 4 
k . 4 
— 1 * 
0 6 
* 
» * 
1 
7 
A * : 4 
; i 
+ - 70 
, 1 5 4 
I 4 3 Ls : 1 8 } 
* 0 "7 * 0 SS 
: $9 = ; p 
' $ N 2 y 5 : 
, * £ * - 2 
* 5 — 5 4 
4 . 


— — 


—— ar one 


— — — TE OE Ga Fn it rn ten er Og 


ͤ————ñ u——ĩ— —üää—ß 


—— —  — — —— 


— 


- 
- „„ 
. * 
J * 
8 - 
A” . 
- 
5 
i} + 2 
8 
5 * 
0 * 
2 o 


* 
* 
21 


g 
. 

8 

A 


i ; _ 
A g. 
% « * 4 
. — 25 : 85 * 
wa 3 - 
' 3 
- * - $4 8 K 4 


4 3 
% s 
* wy 51 2 
? 1 4 " «5 
2 * 

Poa” 
- £ 7 N 
— + — > 


AW rn ds 2 . 
ear. 


— 


—— — Mak hs — / bs 


£ * ; * + Eres . 
ITE. CARDS 


4 "Oo 5 4 3 


— ks NL OT Ee . 


None nn] . — 


* 
8 


2 HE vc 7 8 1 IS | 
tc > - ” * 
; : . 
* 
# . 2 t i 
< : 2 
- % - 
. * * * 
— * > . 0 
f ' 
1 | : 
7 [1 ' 
|| | | 
— 3 $5, 
. 
a i! 2 a 2 
* . > 
g 14 | * 
8 * 25 11 * 
17 - * 1 N 
1 o 7 3 » 
j ; 4 3-*h * a 
of ; ; A wn 
3 14 
\ ; 
* * 
: 
- b 
* . 
I 
Fe * 
* 
. - 
- * a 
; * 
* 


* * 2 15 . 
* 0 
8 3 N 
2 „„ NO P. þ > 
> 1 * * a * . 
* £4 
MS: . by 
ky * 
v . I 2 5 ö . 
i 3 
% 8 n : 8 0 bh . - . 
< 1 * i £ 4 8 * Fe. 
- oy : _ ern ad. wp 2 : 
5 — bs © * by * * — ＋ 5 . 8 2 , : 
2 ; 2» o 7 7 . 7 g ” 00" " RES I 8 7 a5 
7 ad , * « a — ; ; ; 8 by, * 
7 % . 2 1 r "x" 7 
* 3 ; ys 6 ; = 22 2 | — 1 
8 a ; | . - 25 2 I 6: Sl a 
of bu = LU < * * - 
N 1 , ; 1 ' * k g N Re _ *% 1 . F >. . * 
1 % P . 3 5 N 7 5 7 7 8 I £ 
: . 8 > : e ; LS IEA ” 
Z 7 4 * VB 5 4 1 2 : 5 . : ny <2 — * 1 
” ; K * 1 . J =» F TI 6 * by * EI a 5 2 : 
? Mc 5 . % .. . A TOE. 1 © * 
5 © * CARS? 3 7 * : _- nee. f wx i bY CES oy Y 8 wb 
5 "FER * * 4 . A ns fas os * Ser * bd} g 2 , 5 hi F ad * 5 
. = - . Y #1 * 3 * : z g . e | PT? 2 
A 8 8 1 p x che * _— $97 2. 
F K f e * * * = r i, bs , 4 F y £ 1 : 
*. 1 N Fe „ td . 
* 1 * x ES : 
. : =, Ct * Fi 
. * RS 
£ 5 KING. - * 
7 in 1 "+7 * - * * goes 
£ x p * 
* * Au DCE Fg 5 $9 n 
e * Aan * 
' . iy one ne —-— 
F 2 * * 4 ! 
4 Fs *. % - 
1 + ! "4 ; A 
. 5 di % 
9 4 
1 * 1 4 b - 
* * * * * d ” 
* - * 7 Y % * 
1 ; 5 5 
F Fx 8 
: 3: 5 # * « * l 
: - 3 . 
F * ; 
Ei - hn, 
8 - * F . . 
7 ” f 3 
* * * 4 
7 „ * a 
1 wa . " 1 EE 5 
X 4 + ot 3 5 1 ” £ ; 3 » T 5 
4 » 3 2 Gs 7 8 4 
4 1 3 4 c © . 6 £ | 
4 5 SOS | 
3 by, > 5 ”- * 1 " + "IRS 0 2 
2 F, * +: 28 8 4 1 
8 8 % . 1 , * 2 3 1 
2 1 . 8 - 
RS wt » : » * 2 
Mw L901 2 of : * 
1 8 
A * . 
þ 8 # 
Ta * 8 -7 * 4 
; . 7 5 L 
4 4 x — « 
| | 8 
: ; , 4 a 
ö - 
g % 5 
” 
d m— 
| KD 
k 
[ ; : . 
þ L 
* 
1 ＋ * y 
: i a” : | 4 
1 = - *4 => \ 
* EY . * 
: 1 ? 
* 
' ' U 83 
' x > -% 4 8 3 7 , S X — * — 
; : f 3 . . A CEA 12S v Mo pl CI 
: * 2 " A 
N - 4 A 2 « - . HS 
” ts 3 11 
” . * 2 y g * ' . . 25 «a & » . 
: 5 1 # ; 2 + 0 by 
: 7 * * 3 — 0 * * * F ö 
» j 5 « 
- i * 45 1 ( ; , * ? 4 
* % * , 
. , . 1 * . - 
* 1 © 8 * * . MY : 
” * o : : * * 1 f 1 » ; : * 
ys . : > » * ” 46 : . } * by. ” 74 " . - 
. — * 2 0 Y « : - l K 6 
G =% 7 8 5 * — 4 * 
7 5 53 0 
7 oo 8 — * 4 8 — 1 5 nds, + * » ö 9 8 
1 a : „ 3 8 1 ay 
4 * : Py 7 * 5 3 
N F © : * 5 ny 
| - y * = x 42 A. * J W , » 
9 i : | 
2 = — = 1 0 — * 
: # — 7 | eg , "LEY ö cc p 
' , : " 7 . 2 5 ' ' 8 
2 * 7,44 : 5 l . 
- _ * * — : 
; - . +. , 
£ ” — i 7 . 1 1 N . 2 5 
by 1 1 A 
i & ö 3 | b 
5 * 7 2 5 5 % 4 
; , 
4 % ” | 4 
FF . a F * — 
= * * x — F þ, . 
4 * 5 p "4 5 . ** 0 
P : RE = 2 a Jos 
| g 1 "i "> ae Sa % "© 7 — 5 , WW, 5 
4: 75 . N. 8 8 7 A 2 - 2 £ 
4 2 . : WM : - Fe PRIN My 
24 F N . x 3 * 4 1 , 3 - uh 
+ * - . 1 ; . ; * 1 
- 7 — 1 Fab, 3 by P 
cy _ 1 * p x 2 1 - 
3 * P FI s F * 0 7 
7 4A 7 * . 1 * k > . of 2 
1 : > % N ry 
* * £ * X 
* 2 | : 5 5 5 j O : * Py - 
S P ; 
-- * 8 1 4 þ 5 < 85 # 
1 % s Y * . - d 
| 8 , * . = F . > PP 
\ — i ” 9 > - 
L S 8 9 4 x 6 * Y 
= = 1 5 4 5 4 — * 5 2 * - + .. 
£5 fy 2 4 * 3 Nen 5 * = 
p * © 7; 2 ; ; 4 . > 1 
4 i . , | 1 : . . 
G - » * 1 1 - # P : +] 4 - * 
by ” 8 * - - «a „ * Y * 1 4 * 8 *. 5 5 * * 
3 - - * 2 S N 
7 . 2 . * * 8 - : - 
ö : * * ? 1 BY 8 9, — y * , 8 
FE g " * „ 7 1 2 : 2 It % 
. 7 = 4 1 - N - — 3 > * 1 4 PRE ” 5 > 
; * y 8 1 , 4 . . ; 
os * 4 — * 1 — 5 : 7 4 2 
- + : p, a — v l . 3 M 4 x . _ * 6 
24 * 1 7 * Y : * B 
1 * 5 * 5 : 
- > 7 5 . 
_ . . * « ; _ _ . * o > 4 ou 
; * 5 2 
i . # k 4 * 'S _ ' > 4 
% ” , / » . «+4 £ 3 4 - 
i : # ; 
; 6-6 „ IS, 1 : : £3408 CI. _ . + . * 7 : [| 
Ws fp = 1 dE-. 2 t» - "as $i as. * * 0 * ». *: * 4 F 4 * 
ren Pc iy ed EASE,» > : 
; 1 4 88-34% ** + =—- wa 5 | 2 * a . + N 1 4 a ; 
+ 1 * Pp „ o 
nne, . . 0 4 — as 
. 4 2 — th. —_— 1 TY 8 r PR, 
l eee Wenne nr. Ä ion Aber ⏑⏑ W Are”. He ns HE ft ne Vacate * 
* 4 * e r . N — 2 . * 7 9 s * 
F . 2 | * 
- . 
. 7 
"ac „ 
. 
1 o 
- * - . ; 
Y 2 Li 2 : , 1 - - — —ꝛ— — — . — now — — 
«, , . 7§ꝙ«,i,,. 7— . ꝗ§—[—ßB‚ . eee * - 1 — 5 we 1 eee. oy. KEI, 
+ Or — — YR ED———_s ———— — — — —— — — — — een om———_—_—s = - ——————_—— - * 


re. 


8” « 


— , CEN EY > 3 
— wot — rae "Oren ++19g808, 


1 


Joo 


> TP SO, A AE 


; ö 2 — * 
. « 6 . * 4-444 ahi, * * — — va s 
* * n oo AA ft <4 3 
1 * 
"I = 
* . . 
- - ” 
i w 
n Y 
* 25 1 
— I -— —— —⅛ * Le end —— —— — — — 
— * — = — — — - — —— 
* ID oY 
4 * 4 3 3 5 
. J 7 
6 9 4 > 
* 7 5 
— D 5 Sy J 8 I 
” * a — 


« wo 
74 
Ko 
| 
” 5 


„ 


e X 


Art, 


*. 


. 


5 
Ne 


7 


of 


* 


* 
7, 


YI es inert hoy ant?) 
2 


15 
1 

of 

* 


U 
ng 


* * 
2 — 
* 
* 
3 
0 
7% . F 7 
; c 
* A \ 
— « * 
* IDE * 
I * 
* + 
* 
MF >. 
£4 C 
„ 
8 D 
7 i 
„ 
* 
2 
3.4 
* „ 
WC 
7 
>; 
4 
* 3 x 
wy * 
> þ 
4 
8 : 
* 


” 
3 
* 
* 
4 
od 2 
o 
5 
* 
7 
: " 
. 
„ LS * 4 
oy = 3 
« = 
3 4 * . <a 
4 ' 
» x 
2 ? _ 4 - £ 4 
4% — 1 N 3 * 
Pl 1 * * 
8 * 4 1 © x 
% N * CE F ” 
” * 4 * we +$ 2 ISA 
5 Y 4 = * . 5 
4 ” 
1 — 
1 « ” 
p 
— . 2 * : 
« 8 
* 2 l q 
LS. 2 ; * 8 
* * % . 
0 $54 A » 
. 7 3 8 8 ” 
WE 1 z x 7 Fe We 2s a 
* : . * f 
5.4 as * N be f : 8 
12 * % x « 4s 
* a * = * wot 
* 


* 
* * 
oa +” 
__ 
4-004 
— 
* 
% 
$ 
4 
-- 
"$2 
* 


* 
> 
ce 
2 
* 

2 

bt 

1 
8 

* 
- 


5 
7 
oo, 

” 
* 
* 
r 
1 
# 
5 
* 
<4 
* 
. 
2 
. 
8 
3 
* 
. 
1 
5 
** 
T * 


ver 


4 N 


2 ** b oF — 

. n 5 _ 4 r * 3 
Sh. 3 ; py ; 1 g 
9 . 

* — * 2 = } 
= x . by 4 

— * 4 

* * N 
* 5 * ” " 

q 9 "ny - \ 


| Sb 


: 


©, py IE 


reer 
* 


N 


. 


LE 


2 3. 53% 
GIS 


5x 


7 


N 


e 


5 


2s wa RR 


a n : 44 
A OE te LE con? 
* n 
* * 


SI „„ 


Sn x See N 


8 


"79447 


& aan 


- 


nf 


cee EO OT EIT 


4 


eee 


li_ 


ente 


ot A 2 & us 29.4 Ken 
Kon AE ing tes > oat 3 Foy 


CIR 


wy 
pl 


. ee. 


95 


1 


#% 


» 
1 


5 


80 


r 
Sts A ts # 


* 
25 
— 


; * 10 


W ee 


3 


A 


4 
Fes 


"6 jet ls , . 


* 


r 


"6 


* 


rg 


—_— 


Py 


. A 


GT AAR ·——— ec9- 


- 


. 


— — 


——ͤ—̃ 


e 


—— 2 — 


ett ie 


OO 4 3 Wc CAB TER ity bv 


. 


r 


: 


r 


7 


d 
- 


1 


| if if "1 
ll jj U abi j+ 


JST. 


. 


Rr —— —— —————— — 
rr ret — — A CSR. 
CG TEA ᷣͥ A TAE AE 


92 . 
KS 


* 


0" RIG I DONE LY OW VO WE BP on mY 
$0 00S AE — —UU——ͤ ꝛ‚Pÿ „% es 


— — * 2 2 — 2 IC AA. 2 


— —ͤ—4ä——ñ—ʒ— — 


714 


>. 


) 


« 5 
WT Log” * 
— 8 $ * v6ig . 1 N 
2 a * * 
x . ö . ͤ na rr > ES eos er rp a ee 
— 1 I ADEROIG SE AN Tb N ee 3 je er Doe pn; 90 romp . 
* JT ts 1 * 5 & 5 4 A : 


- 


TO 


SER 


B 


_ 


ye q 2 5 0 N , * 5 A N * — > * _ * 
FFF h GE I CO NE as B32 
9 1 9 , * 8 g - 


( 


* 


e Pas CR 
n 
eo 5 wo 


9 3 


I» - 


A 
x : 1 
F< 

＋ 


1 


e 


. 
„ 
WY 


* — „„ / i en re DA 
* 
£4006 $$. 
* 
. 
—— 


$5 2 4 
* 
* 


n art 


Hl 
* 


* 
hr 


— ——— te 
4 
* N rail 
„ 
CEE 
W 


— ths 
—— 
>, 5 
8 or ay 40.541 


A 


. 
eee 
n 
FOES IRE 


- 
ts 


* Wo 
"" F 
. 


- 


4 2 — 


J 


| 7 
| 
| 


— —ů—ů— 


* 9— — 
36＋ 3232 erer 


—ä——m 2 —— 


4 


——— 


trume 


— — . NA ——ů — — 


— 


A — — 


3 


at. 


id ww 


At 8istants 


* 


r 2 * 18 1 
He 1 * * 2 2 


A . o 
Fe ory, u 2 ren pr nr. rm torn ory 6 A . 


4 


e ͤ e II ec > 
1 - 
5 
3 


o 


6. Eaſt E 


* 


eee 


2 — 27 7 


- ——— — 
. — = _ — 
. — — p — ide eta - * 


a 


1 
— EE FT. TAINS LIIES ER — e Art IS. rep ns A 
- _ r = — — — 
2 Ürꝙĩ!)! EE ne — tb BEGS eo OI. PRI RS AE > II» 
— — meeps 
— NU— Een — — 
_ —— — . . —˙ m 
1 5 » —— 


———— ————— —e . — Ly 


— —«7— > Sen Er en 


AX” 


—__W_—__—————Jc__——c 


ein 
— GAS oo Pai oO > way — —— vI¼¼¼———— ——„—t — —— — 


8 1 


7 


r 


——— — 


P 


T 


Vol. .LXXX 


CO Ati U U U— F rf EEE > ——————— —— — 


— — 


- 
97 


12 


— ²˙ e] — e N W - — — — — — — - - 


— p ww ooo <_n CO — — — — —— 
—— — 


” Ph 


* 


— — Ü— 


——U—U—ỹñ«%é⁊“ : -- ye. 


——— — —— — — TE ws 


—ͤ—ä— ñ — 


| 
1 


zj ̃ »—— —— ä —— 


0 


—— — 
r 


—— EE ng 


ee“, 
il 


4 


* 


1 . . — . ro Cc CCC 
* 
— 9 — 
r 


—— 4 669% 


ach 


e 


i 


7 4 


— — 


. 
15 
SF 
* 
A 


1 1 ESE Las ORG | | 4. "wn . 8 ROY | it 0 
e n K 1 8 WR Tab br 3s | „ 1 ND 


3 
* 


4 
** 


* 
* 


Wie 

. 

** NV 
* 


47 


. 


\ Wh. 
33 


2 . 
« 
* 


ee en? 


* 


* 


* 


N 
* 


* 


o 


— es 
——— — Eo ͤ¶ ATTIC SW 9 IP —————_— 
3 
4 i 
Vt $: * 
* 

5 

we . 
— AS LIE A 1 gp ov A Ie VEG .., n —_— — 


3 
33 


- 


N 


ah 


' Set 
4 
0 N. 


5 


* 


* 


— ATI DE ors. > 
TC 7 -m 


er , 


N 
% 
* 


OO — — 
q 


— — > 


. — IS 09 7 Re — — —⁵˙ 
——— ——— ꝗ— 


e 


. 
Nee 


n 
wy 


446 


e 


2 
7 
"4 * 
« 

* 
5 


— . a ESSAY, 7 Re 


OT v2 Ct IIs 
— 


CE ——ů—— ——— 2 — 
—— —— — 
— , . —— . O09 eee ener re er 


— SIE 


—— VAR ves —ů— 


8 9 
* o 


LS ond 5 8 


Wo, Boos 


PR 3+ 5 
WW 
350 


x 


——— — ——— le ES 
. * 

1 7 
* 1 

\ 


——— — 


, 
77 L297 

AG, 

,, 

* fff 

7 77 


„ 75 a, # 775 e 7 
1 1 7 L M 
£7 #4 . 2 . 
,,, ß 
,,,, W- 
17 4 " 1 FE 
* p : F- 
* N 
l 
#1: 
rH; 7 
if JH Ll WH 
, 7 
1 
WH, , 


/ 


/ 

/ 7 7 6 , 7 f i - / „ 7 e / 7 1 / 5 7 7 WI 
„ 1 7 1 AHH „. , e, 774 * AU 7, 4 / "7 AS & f 
FL" 4 {ll Y [ 


17 
$4 4, Ws 
7 


. 7 
A 79 
SH VP ts 


/ 

67 
1 
WT! 4 i 

Ms 
5 #/ Mi 

1 
, 
46% 


U 
Wn 


ö „ 
1 i 7 
7 


it 
1 


7 7 6 * 77 7 7 { 4 I 4% PF ” EH" WHY - 4 4 A. 4 474 
, Wt R e ; 4 < e 
al Wn : Its 4 1 
Got L {i444 - 6 
1 7 5 * 5 » . » 


5 
77 


EY, 
VO a 


. 
75 / . 
y ; 
(4 N 1 arg 
FH / 1A Aff 
s / 
7 7 
9 
27 


N 


Man 5 
* 
Fi 


We 77 e "1 


* 
0 
8 
8 5 


** ries hire pt ants . „ 4 28: N 4 
a 3 
3 


e ; ws 4 „ N 5 / $5224 Ty} wm 
, « 7 n v 33 3 # + bf {af bis # : 


3 44 1 5 


„„ een, re” Torn 
4 ' 4 2 : P4 - 


<4 K 
i 


* 
N ants 2/5; X wy ; 

„ 4 ” 
- 1196 Af Sow An oe 
7 ; 


4 ＋ 8 4 - 
hun 25 « 


Z 


3 IS cent nog Ri nnen ee „ 4 2 3 1 Y 1? 
ue R : * CO LEE ot KF} Hf ue \& Wy 2 ff 
. ; > N ORG * * 4 / 
8 5 


5 tus "2 : , 4 . 
1 . * . * WU 
; 7 ©. Fi ＋ 7 * 1 : . Te R *DDV . 
; 1 5 I; n f 
1 | . 8 8 0 , 
7 . . WG 5 > £ : ; a n, * — 
e, gn , ͤ ..-» rr cy e N 
Af 4 3 1 - 3 4 TJ * p , *7 r 5 


* 4. WY OW” > IF 5 2 Pay L 25 5 #7: 24 * 2 1 . * — 4 _ 
e ; WY L . K WY ISS Wh * ; oh 2 . 1 7 
. . * ee 2 5 Pp © 755 e eee, V. „ n 5 32 * 3 4 A 24 | 5 p 
RE 4 . . : th / ? | 12 We rn FIN 4% N e e 
1 1 Fs 7 - p * 1 Ep * * Ke. : 4 MC at e 


i tro 
CIARA 


* . wn" 
re. rein 


,. 7, . 22 1 : - 7 / 7 7 7 / 
2 F1L/ MA . GA BE” - EE 2 — SM -; ; + W A 7 
. ,, PE Wa 4 — . FLA 7 , AE, F fs — N , 4 HALT / , OA 
US WY I ß 75 , ,,, 8 , ; etl 
— 8 , 1 C p - Cf ” - . ” / Sag 177 ; 
2 5 2 2 27 c ; 7 , - 4 4X 7 I” CS 2 7 - - "4 A / M hd 
7 2 . - 5 — LA - 5 - 2 - Fs — - 4 — — / N 3 4 9 
7 ; , 8 5 , , 4 L- PA „ 
e. 5 . „ . © 


ng. + 


—— 


1 \ = R 
N R N a . 
N A S WJR A\ ION 7 N 4 N N WV N Nes W FRE, 
| R r 
n W dd * * \ \ \ * RN * 
2 KAY N W dg N W \ { N 
n Wa 
J Wy 8 SKIN Kg N 


Gn 13601 
AY G n 
* \ * 1 \ 

WOK 


WJ WI) ' DO! 8 . Q b J . \ V > . W N WV 00 * V WY) 8 N 0 Dd \ N G \ \ W x * nn þ WA . W. 
I IV N N 8 \ WD IINGSD IV JJ H a INN. ON OUR ; \ 
JJ S N XW x WIV IDÞ WS ICBY JS EVP * WICY "Wt N \ AN NNN N IP ICS 
V Q TIDY N KJ N Q RJ ' N NX D N 8 s d N Werde 8 8 vom \ aa W 
I n W d r WH \ COS) NSS . 


N INN W 8) W N IN N. JJ W 'N CV ; N IX 
. DJ \J WIA OO I OIAED 


N 
WE 
n 


, 


\> 
n JD 


W 


, 


32 - < 
WI N 
W 


/ 


Ne WV 
NANO JOIN 

N % e 
\ SW& 


JAY 
JJ 


PL; 


7; 


W W 
N 
* 
| U * 
it O£ OY. 
1 4 j 
197 


7 


. N N N We 
8 7 | » , = X ALY, : : n WAA \' » WOW PDE INESY KDE \ 
ks 1} | * N by "ji » : * „ 2 1 * Fe z Wh S ; "ny . Wy. q W * NN N : I. W in \ JN 
75 Lk N | $ SF 05-3, - OR ls RAB 10 85 \ GY 
Na it 7 | | | „ e enen N 
45 of 70 J j/ x " ” FS 5 4 j 5 : : , { #4 5 ? P ! * F # : OY * wy y * P [ I ee IN N V KY 

e 1 „. Hl 5 L Met ; 4 4 I 4 ; 7% 7 J 8 . D IO W 

WE 11 114) + ; r C v / 8 ; : oy * 3 1 ö WW 

ot vs } at | 4 581 5 


n eee e TE e n „ xi ta 8 P's” een e een 
4 | a . + , 1 | » 7 N : B N A Wt. 1 


birt pf by 
- 44 * 
"*; 97 9 ; 
1 
\ 


vi 
Uh 


it 
« 
4 


e 


we. * 


{*4# 
b 0 5 


Ws, 
i / 0 N al 
* 70 Wl / 


i J N WH 
/ 4 2. 7 j > ; a JIW 

DS TAE REES 

4 2 5 


OO: 
oO IAEA 
Wah 
hes | | 17 


1 N 

\ THU V „ « ; 2 j "7 ] > on 

10 W. . 4 k ) er . 1 35 27 Tent ov 

» \ TT ; > c 7 143 wo 11 e 
« 1 ih A 4 | 5 N 5 4 rats at 


5 


bt 


W 1 


1 


— . — K e o 


— 


TY \ 
{ 


— 


4 Fo 
”# #? 


— 


\\ 


Wi 
\\\, ICY \ 
WW. 


— 


75 7 4 10 
Fi, 604 * Y 
'T/ « N 


BY 
r 
Pj Ne 
V 
BY Ng 
\ 


— 


— 

— 

_-< 
CS) 
— — 


— 
2 
, 
.,. 
—— 
— 
— 


— 


N NN | 
\ N N * \ : } | \ . \ q 2 9117 
9 Wette e ö WIN 1 
W WY OTE IN * b We VF Wy | p Wy; 0 F 
e F ? \ WW 7 g ud 7 70 


i 

' AU W 
6% 8 
My * $2 
17 


THO Ve, 4 
ee 
ö IN ei C 7 
. MAY \& WV JIN 
11 N W \ . "& . 


1 
\ , 
NINA * 1 
5 ua 1 "4 
EP "WP * 
4 | - mis 7 

+l „ 


N 8 & LA 3: + EE 4 TT, q 
\ DJ > 7 WA 5 


JENS 


\ 


W 


W W 1 


KO , , , \ \ WY " N 411 Ps "My * 0 8 ; / | 19 1 deb dn 8. a * W. ! 5 dd” 30 W271; 2 
N WW WY" N Wy . W Wa | WR e 117% 1. MS 0 N Wo \ W 8. | 40 = APW tan WF 8 N 1 
AN „Nr > bi \ p l R | WO : e > OW NN n N i; # 1. rv i}! Fi; \ * ' f P b . 4 * . 70 2 
. Wes es ö \ 54 Y ade | \ S p * 8 WO VODIY 40 A mary 1 th Wat \ ' F > $A) 11.17 ug þ 
W . | Wen 3 \ AE IFVS 4 7 n walk ö \ \ WY Y " 1 
. : Fo Ke WY , . RI O11) 4 \ N iN * 5 ? TT” 
* WY 8 . N | wo Hanes N 7 OI of 4 a DN DW BN ih mu | einen N . W. * 8 W j 

WY Y 1 WA ? N N . 5 Is. l . 4 ? 1 N Lv Y 5 1 NY Wo IR » 8 J; r * s * Ly fi k 4 VM wy = x - 4 

W s | JC | JJYCDDJVS W. Ne , 

* N W Nis Wir . \ N F; 17714 . WW NN ; * an. — — a - \ \ \ WV 05 p 

Wo A \ N E \ \ V * v\ 10 


* 
N 3 * — — * 1 — — e # — X 
k 


| Is k OP 3 ri * "by. W 
; * Herrn + "x? f * % — ont (adit {+ 1 3 


* 
7 ON 


* 
2 


* 
„ 
— ob gs 4 


o 
+ 
hd. 


i — ; F 
* . 


aan 


lth. 


S + 


} 


2 


— . ee en, 
— p G : 4 
——— — —— .. 7A 


— — — — 


— ́6 U 
* _ 


—— — — — — 


2 


Ot OPER AF res 


F 


—ͤ—ũ——4 u — — 


——_— — RO o 


nt OO oo OH OP > AE EIS + YA Fs Go 


rr 


—— —— tuns & —— 


Scale 


1 


— 2 


| 
„ 
of "Lux 


* —— — —ů— ä—— ARE n —ͤ—ũ—ÿL — —— — — 


« 
—— te rer—=_ LIE EEO, Font rg” gg . 22 T > 


fore ef pod ney - 


* 


* 


e A a 


* 


* 


————— ů — 


2 . RF” Os a * * I 
8 Wi of * . 


ny . 3 O 
& 1 * , 4 'A Pr 1 . 
i N Eras © Gre + ad 4d 
* tals” 3 


r 
* . 1 1 


— 1 ed Ad 1 8 


ii ' 


N 


i'r , | RA 

WAY RIVERS % 
rene 1 15 WH 

y WAR RF 01% 


FI 
41H 
Wat?! 


#/ 
1M 4 90M 
e 

WIN: 1 


ry 
f 
* 


US, 


WE 


, 
7 , 7 
2 3 
7 - 4 IRE 
. , 2. 2 2 
2 75 1 7 ; — 
A . 2 ; T, . * a 7 


2 
7 7 
* 


, 
,, 
. 
— , 
* ,, 


A 


7 


N 
ww *Y pr bh 
„ 


F. * eon 


rr worries oy 


7 Fx g 9 F > . - Ken = 4 
; , . - FW, Pd 
; wer 4 3 : A - = * 5 
5 e E 83 28 2 5 7 5 ; 7 . - x I gs ] 
5 7 4 — f * — 5 7 „ 7 
l : . . 2 4 4 / pA: 
. ; FP 7 * 

—— ” , 75 22 1 „ 

.... 55 7 , ” D 7 7} 
7 Pr of” 2 N 
9 . ” 322 7 * = l 7 
— 4 5 x4 8 * L 2 L - — q 
gf 
0 * 


lO . wot * . * e A ed, * 4 
Y © * SLA FE +, 255 

, 7 0 . A 
eee "13-5 0008 
e 2 AAA e 


* 


. 7 
. 
WO 


, 
"i — 


dt / Ha 
P 4 HH F. 
We: 7 
e 1 
WY 


"i 
\ ; 


DN 
dd (HON 
W SL 

IN. 


o 
W 
N 


* N N N. 8 10 \ q WOK: \ . I 2s? t : 6 — x Ea — : : N WE 3 "a, a a 2 . 3 f . ; 4 
Ni NT, N N.. \ WF \ \ N W. N \ SN +4 | | | I. q ; 4 - p =; 2 . — WP — © T7 4 : Ss » 558 == OO 8 Ig : f 
Ms WON N .* Were .. 2 nt IS = ; 1 i ES EX | hy | P 
hed | 10 pl it 155 \ * as W \ | 0 W WA NY 8 N N d \ . 0 5 £ + L . 2 e 


1 


$407 \ 


MN . ens. , - MM xi 
14 75 ny | WO : IN KN \ W WW. > \ N We, 8 2 k —_ 5 * *. < þ 4 


—— n 


1 
N 
1 4 


/ Th of; ' IK 
e, i \ 


WIN | * 
e 


5. 
2 
tt 


28 
Urs # { id J 1 it. . 
) M 
e. 
77 


x 


Fn 9 
. 

y 7” 1 $9 # * 
1 e 
74 e 
A , 7 
1 „ 


+” + 1 „ 
ft e „ 4 1 
, ,, 0:1 Hu 
1 A HY, | 7 1 * 1 [ 
* 4 Pike) 2 e f 1 . 
My, (/ Wir hf 14s 1 Þ _ 


P 


” 
75 


/ 


Wy 


= 
$4 


6 wennn 
JS# (62045317 "IT; ——— 


\ . 5 7 * * . a ; g * A 
25 . / * L Fo LSE: bs 
i © 4 1 * S p 


= 


| | f | * cl s N N 5 , b 2-5 «4th 
I fs xg? j I's F Lv . 2 \ EG 4 1 " . 1 < 8 * 
| : % — 730 $ WI. 5 0 3 ; PTL Pat's 4 > 2 N 2 n 
. | 8 . . 

. 5 N 4 IV | * j , a : 


, 7 4 1 ; : 5 — > ; : $ 3 : : ; * ; oe” -” YN 8 £ a 4 4 a 4 ; * 


Knee 


N 


e Wi ee eee 
0 


4 * 4 er == 


f 


1 We 


N 
* 3 3 
en 


S | AF 1 8 


1 
* * * 
3 


«20 


$5 


35 
a ns. 3 


* 


* 7 


3 


8 
9 


A 0 4 3 — — * 2 CORY” . - , : * Ts, "sS IRE. % \ 
' | * 0 
5 4 oy . Tx 
*. . 7 —" 


* 
K. 
L. 
hs 
a 
*. 
H 
. 
= 
2 
* = 
N. 
F. 
* 1 
= 
* 
8 
% 
* 
Hf 
vy 
wu. 


* 
F : 
T * 
* 9 — 
* 4 » 7 My 7 - 
. 7 * 2 * 
3 p 5 , - * ( . 4 f 
n £ — 4 * * * N - 4a I ” 

F AY F A Wy 1 5 I 

1 \ * * » = » 9 a fro 

$5 R * 5 X . 5 1 \ FUR, INS," BE A * o * f 3 8 

8 | i © 1 3 $ f 1 1 0 « ES \ 0 5 af — RS. wh, 
KA 7 * X * ; — 2 1 5 FRO” a : l 1 '$ * 
PM 72 * 1 « 1 1 oo, 0 N 4 0 "CL. * Ken's 5 a WS £4 : „ 5 ; ” * ; 7 » 7 
* » , * 2 * 1 <4 - FA * +4 
* 8 Y 4 5 » N * 8 © : ; 9 2 SN 7 f 6 W . 9 7 5 4 9 8 1 Os * * 7 
1 * : N 4 6 4 * F Y 4 9 . y N . 2 > * e 
y 8 * 17 12 
4 1 2 1 oy << 5 
4 0 * > Ne * 7 x 
7 N ** 


, 
* 
2 
% 
7 
® 0 
5 
* 
4 
1 
7 
# 
1954 
* 
71 * 
2 
*. 
3 
1 
* N 
* 


»X, 8 , n 4 
, 1 ” 9 * 6 N 
F : f : 1 4 
x by 1 * 


8 84 


3.7 3 " 
RE . 1 
* : * : | 
&* : =. N x * J 7 > -. 
K Pa : A 9 * ” ba 7 0 „ : : * 0 + 4 3 
V. 4 * * - . N 
8 5 " * o F 4 Y & * « " 4 
N 1 N « . . N + ”. "I, 5 * F rt . : © - 
A 1 * . 8 # * . Wy 4 . 2 8 14 + 5 
? 13 4 45 * 8 1 * * 1 n v3. 
” . = , * > : : —— 7 - \ 1 4 
; Fs H 9 _ " x e 1 \ k ; * 
— ! * * I 5 ? « Y 4 mn "©: 4" 4 « 8 i 
- . 5 1 N 3 5 * A 4 Bros? 1 
"_ i * 7 8 ** » * 3 F Y 2 xt * 7 _ 
, a . Y on . * y N < k 4 7 f 4 + #7 4 5 N os 
. SW, : > . k * 4 4 » * 2» * 1 92 — I * 
* ö 5 6 ; \ e 
{fm AW, pm ; : . h A. & 2 1 4 1 « . F 4 \, $8 4 0 ; : : ; 5 
A $ ;: Wed ; 2 : — ö F , x { yg» - X 1 , 
* % # - £ 5 "x. 8 * A T4 * # - ! 1 
; Bs 4 I $ 7 1 41 - * 4 * 5 Se 
. . 1223 — $I St i Nr : x * 2 - _ : n > 5 x 
2 9 * . : «55-58 Y N 5 # : 3 : * N 0 8 * ' Woh * - 
1 2 [2 7 5 v "z £4 - - x A wh £ + Y - 
8 3 MES > Jy : Ar 5 9 2 83 ONS 4 
7 384 4.4 l \ - ph ' * x - 
3 EC F * I” # i 7 8 — . * 5 x * - 1 a 4 
. wA by : ” — ” 0 1 1 * 0 -IÞ 9 - þ 4 ft ” 
4 + 4 . * I - 1 N z 
. * * $3 hy \ x 4 i i 1 * 4 y « $ 7 5 E 
2 1 7 Y X 8 P * 
8 5 1 . . 1 4 3 | 3 f 5 - r oy * 7 : 4 7 
£5467 7 — 1 * . 8 22. . - . * 92 : l 1 ' i be? i -$ - 
$4 , k N 8 : 3 * 1 * : 246 d * * / : . . " 4 
RE Ss N * * Td 3 \ 4 N | b : * 8 4 5 1 5 8 7h > 
x * 7 * tt * „ be 4 4 4 7 . 1 x IX. * 2 " 0 k 2 
N wh : 8 1 wh . 4 . as; 4 % 8 * i 5 $. 
. ? % 0 * 8 A S 125 3 
2 F ö 5 : | . — þ nV ·˙ aa omni M 3 : : 8 3 4 5 7 4 f 
5 " * * * » 2 b. 1 14 A + 
© "AK LP. 6 5.4 BORE 8 . Cf Ns we rt NG he VFC 
: FE © La 7 1 . a 8 * 3 3 * 7 1 27 ; 
5 g 8 * 4 0 . ——_— Hz. cok 
83 - N 4 L * L 4 % 4 wy 8 1 15 4 Y ion wee 4 Vos A - - 
F : . f 3 EU _ 3 1 
1 I 1 x : 5 * - 3 : . * dp — _ "> - — 
8 * „ 83 * 1 8 * 2 — T4” [ SB ih k \ ; 3B 5 . l k ; 
N . * * — 9 a . 2 2 1 
P*Y 1 * — * — * L x 8 . 1 MW * 
— * ——— * Y * 1 8 - «+ * . : a as v 3 * . . N » C2 * 2 ak * ” * 
f Li; ? © ; 5 SS ; 8 , 
„ * . * 2 1 f * 4 * A * * * * 4 1 1 5 1 14 <>. A + 4 4 de 6 1 
FE ty | HK 6 N | | FF 8 
us * ; IS 4 4's 5 9 1 5 5 : > oF, 4 8 2 5 * L c 9 * : {+ «it 
+ b 4 : >. a : 7 ? F Wor. \ , ; 5 8 
od J : £ 8 K . 8 ' _— : 4 4 L ” i 2 3 - ” - 7 « — * 5 Z 
| i 3 «pw L i X b * at Be? 1 2 . I " 3 ; i 3 F 3 . . : - J 1 4 3 . 1 a> © 4 ww OR, "MERE 1 1 n * 
9 - N 4 5 . 3 \ ue N — 76 : * 1 - 0 - . - . b 4 w_—_— —__ 292 * WP GI IP AT WP PEE on ee; 
** 15 8 fe bo * 1 « 4 8 N x z a — 1 ad > * * * — q 8 ” 
” 4 EA i a. 8 1 * — — - - * 2 , : y . 1” a 
1 Lbs — — 4 - ' DET ba. r * a 4 * * o { 8 . 
e eee . - Perpenchevlar to ſche Meridian | | 
"x" 3 951 4 
: "4072 « 4 : ' : 3: * a 1 1 
— — ; * l FR n ad 4 ws 4 
* Pg an. a — own * * on 
C — 1 4 1 CERES 9 RAY Te 0 9 . * * —— „ — 
5 OP. i + . 5 . 4 : * 9 . . 
. N * ? 1 1 : | h . q . 


% 


it. ö * a K : 38 \ Ty > WE, ; 
— ME | DM ERIE ty FT oy * 


: 


7 


FS ESTI 


* 
» : . #5 
ae Y 3 
4 py . 
HT, a £ 
— 
1 3 * . : 
. 3 
i, i 2 
F : 
4 : F< 
7 
* * 
"Y 8 ; 
»* ” 1 
* — 
* Py 2 * 1 1 6 
, „ 33 v 
„ Wide 2 2 * 
, £8 2 v : ; . 
7 * 7 2 1 * Y N = 9h" 5 * 1 
f + „ =" 
7 ” fo * a £ * . : 
s F : & 2 * i 5 
WH | N. * 
, 7 F - AY = » 3 ; > by N a a 
2 47 * 1 * * NS þ 7 ” 
4 516 * * 4 » . * 
* . . * -- 2 
. * . * % 
* w- - p * 7 ; 
* 1 : 
» T ; 1 8 2 : 
4 > F ? * 
1 


757 # / 8 A % , 7 N N * . 3 —— * Owen „ 
fl k : ; ; P * + #, fo NIE. 4” as nt 8 e * r 1271 
1 £ 75 7 ” * ; 4 


Tay” ky = 


% . 
"ey, % 0 4 


0 yy . 1 Gs 2 2 


: s 2 8 5 . 1 : 

+ N * * . 4 4 
, x i | A CUTS f: 

— * J — 2 un rat . 


K ee 5 - - 
* . * * * s 2 . 7 : l I * . k - , 9 G be of EEE I £ CO TO © 5 M * 
; \ LY 8 


A 48 * BS — 
Pt me 
b * A - 5 SN N 


wo 3 
. FA 

* 

is 1 


A - n 4 : : i : $ & 
* — 2 S 1 * : * * 3 8 n 
=; bo 9 E 8 3 
= 5 kak: 7 n ous fh* . 
FRB A ˖· ·˙·˙²r K K K r e 
88 1 


4 r en er 


N * ö 1 ; IN _ 


OY 
* 
2 

| 

* 
„ 

* 


1 7 5 . , 6 d . 
k ” 1 * ; . 5 ky £ % - "IJ - 1 ö S = r ” 
8 1 4 > 4 # "i N s : ] : 1 8 Y N F 8 I A - 
l : : a , , 1 * 4 KW" TY ==” 4» £ 4 4 
5 P 52 ; : * = * * k 4 


+ 
. 
» 
Wo * 
= 


; *. 5 ; 1 
D 1: 
5 — * 4 ot % 7 
9 7 a 1 * » 78 2 
1 ” * 5 0 
1 2 2 "A * 1 
* iS 2 
k * ? w 2 a 1 
bf F * a * 1 * * 4 
4 . 1 p - * 4 4 } 
" Is 2 : - . ob? 4 4 * 8 9 1 s 4 3 
„ 5 | : | 2 N 7 Af 2 ? 
N — * . 4 ? £ 
Fa 3. 7 * 4 > 
IS Y Weng W 5 OT INE . ? : ö 8 8 ; 
F g of 1 r 2 es 2 „ " 4 Bn 
a 4 © 4 : v FTE * * 6 : © * 
; " Ry rer a, F 2 
f 7 7 9 21 p : A ** l II ks ov 4 N * 1 5 * . 
e 643 £ * AY e * nas . _ * 
© : . L * £ * | | : 
# & < * * 5 8 : l FOR C 
Y x vo * 0 £ , - "WI dS ; 
| — ; . 7 ogy 
= : 4 ; a . y enn 
"TE; , 4 . | ö eee, 
. * * : : 
* * - : * 8 nt 
7 * * 4 F 5 
* * 7 - 5 
— ri * iy 1 * . 
o 6 * v 2 : 1 23 * 5 % 
* all 7 * - * * 7 4 F 
N * 4 
$ f 7 N - 3 
: o I - q 
* i 
« 1 


" 
2 2 7 £ 
q „ 
1 . 4X * © 
+ l / P LN * 3 — — 
3 . F. V N . . —. — 
a F : C * 4 i \ — 
© * 


n 
es 


W 


5 


i R f 
1 * 2 
; & IP 2 

74 


dns 9 . j \ 0 
0 — reden OO; ee ina, Gabe i 
: ; TL , ö 8 N 


7 8 ws . TXT ; x N . 


— * 


F K«„ reg tes Or 7 * ; 
n No 2 
Som. 5 „ 3 
* 2 g N p — * bl $3 F 
r * 4 n 8 h 1 > 
+ 1 LILY 4 l : ; 5 , 


* - * 
$ E o — , N A 
7 y K , K 
—_ 2 1 * k 
* AF 5 LA 3 5 * 5 n 
/ n TS wn * „„ | af Ag, 2 : 
3 & k IT 4 B $74 , 8 
, Io" 4 * K N 4 0 * 4 , L I 
4 &> NL 2 * q q 1 * * * 4 7 f 2” . : 43 
1 = Be: Y 9 A* a * 4 « . ne 4 L "23 7 "Is. « 2 > 2 & . F RN FS. 4 a 
”” 2 - 4 . ol 3 > o - > My "= N 2” 
g ; N 2 y x ; , * 1 * % IE £ ih * * 
8 ow A 4" © v5 S 4.8 8 # 4 * vE 5 1 . TY * — . hd 
A 5 . 8 | \ , < 2 - * 1 4 \ $ 
F $ 7 4 A * oy” £ Fe + ji 2 * * 4 1 
f 8 8 * 3 as Bude 4 . * þ 1 * [4 - b. * * 
» My 8 2 5 * * 8 x 1 F r 9 Ns 3 8 * 1 we 
\ $ * 3 JAS © . * 8 . 2 x 'E- 5 n 4 © = * 
* F 1 * 4 2 1 3 * . x we y * * 
2 — $ « BT. . A — * 2 9 2 
* \ Fi 1 


: - o - x. * wh we, wr une * 3 6 2 * 4 EP 5 * * % N — 3 
, 8 + ” * * 
2 Y * 7 2 N 3 x Ek a 8 3 938 > $ « * * * 3 * J 7 * * 5 EDS 
” * — x : - L 8 6 - we & 370 2 2 * 4 5 % 2 4 
* K 9 * * 2 £ $7.98 * . by 8 9 - x PE A » & agg * "BL 1 + 3 A . " EL 2 i 85 of 
* — - * ” * » . : A => 7 © . * * =y 7 * * 4 > 53 - 5 2 1 e hs. pes: Pr © * . Poa ” ICSD 
7 Fo 7 % ＋ 1 1 * R * * x” ? * 5 + - 2 N 3 * 1 % ” i d * * * * 
1 » *, - þ 8 * 4 >; > —* 5 * * e 4 St * K - 7 us 8 2 = * — I 7 
* _ 2 S = 7 * 8 1 * 6 ws a oj — 3 - 2 y A : _ 8 2 : - % 3 PRO = . Fas > , * 5 4 mg 2 > i . > N 7 . 8 
1 Y , 4 2 = T Fe A , . 50 abs» op F 4 8 N ” 9 n - 8 * 1 - . . * - * Ss Y 
2 . 5 : * 5 , * * L 8 2 pn * "I 8 A . f » 5 1 : 0 bs : 
„„ 5 » 3 50 1 F FEY * . Q Y 8 . 4 « A 3 1 11 ; I ; A 
* 1 —_— JT (8 * EE Loh - 4 8 85 5 3 1 Y * 23 . — A : hs : 
YH 8 $02 7 28 F122, 54 oo Eon, ac; ' 3 2 * 1 + o 7 1 we , = - - : . . . ” 5 : 1 
H wh IS 0 = = = * 8 4 2 ; a 2 : * & * 7 RE" ” * . * * 1 
* S — * * . o = 
2 3 9 ; * . * D E 4 2 F * % * - * 4 2 8 5 — > 2 _- va 7 
A 2 F ” _ . ; ; : 4 , 2 - . 8 2 © Eos 2% 4 
3 5 . 4 ? 4 0 4 # „ vs 1 * > : * : \ - * 7 ary 7 i 8 Y : * 7 4 
1 -- þ . * ” * X * 3 - o © 2 _ Rab « 8 - * * 1 
* REY . * 4 £ « ” Ke. © : 2 5 * * 5 "3 5 2 f 4 * 0 5 5 5 0 P 7 5 : F . 1 a 2 N 2 2 8 ©. 4 8 8 - 7 : * 7 2 3 5 ; 
wi a 33 | - 7 ; | F, 2 . ” > ' 3 b d V FH — - | x SS, 3 & 
3 x * - = K os 4 1 ” : 3.4 y » + OR ot 9 * BY ; 5 f oY . Ws \ — * \ ' 5 — 8 
* < * 5 : 2 SE « . : x - 1 27 z ” 7 - * ES * # . x 4 3.4 7 7 2 * * 
- + ” - : 1 : x : . ** 1 4 
: N © 7 * 5 id i £ » 3 4 8 2 : i * 5 5 1 2 — L 4 A EG 8 5 A ff . _ - = 
8 2 ” - . - - "7A 105 "pan, agg * 4 N * i 4 a - 
2 „ 1 q = 8 . — F: 2 * "x — by 2 I # 8 .# 5 - - . 7 « 3 r I „ — 25 9 td, n n R 
. _ 5 Ii Y £4 3 = . L . - if Be; : 4 * a * * * 1 ” a 4 of » 1 þ - - 
b +, ; ; £ * 3 R " > % * « a 
» 42 — 3 — * * 0 3 
. n » x . 7 4 ＋ a 1 8 - ö : 7 * . n bs 7177 249% „d = — 7 
. > — 4 5 1 . : . . : > 4 8 8 N T ů Meat es reap ( . 4 
0 - - e 7 - - ; 8 : : : 5 x "i — — — \ 
| * © 2 9 NS in tes oe ub EE 3p D © meth goes i _— 
K b 3 b 1 | 7 . "1 F L * ; — : 1? 2 ©. x . 
2 a ö : — / o ES ! f | < : g | 82 — * eee, 
© 2 1 . $i AE TSS RES 5 } r , 1 * « \ FR... © 
a 7 , ” * % — ; 2 I 1 2 . «48 ihe f WW 6 : Py \ : » * 
, * . ** ; ; ; wo c Hu - -  A LAT Fe. RY - ON: 93 ; 23 , Ek 
= > a * 3 - — $27: 5:4 AR, 3 8 4 s . ' Y * * $ | 
£ - ” ? » L - 1 2 4 K FA = - > * 8 7 } * 
1 = 4 . 1 7 4 Fd = 0 = ” 5 
o # i by I * . * 
12 2 * 
. % * 
* « 
- 
. \ RY 2 
* e a = * * - * * 
7 : * 5 74 - : 
n 5 — * \ . 3 4 1 
7 * 9 > p * - \ 4 * 5 1 
f 4 * 1 q Y * 1 » . b 
_—_ 5 2 A * 2 - — 1 K 1 wt K 55 * * 5 . 5. 2 4 
as = — i f - : N 5 l 5 — . - 4 
EY 88 ” # . , 1 af i 2 * + ; * - . 
, , 2 — 
* . a 7 + « a 3-1 ' £ 5 \ 8 F 
of - 7 9 4 1 4 1 * . * 
. | . - ; . ; : 7 r * 4% 1 *y A | 


* 2 — 
% » 2 eas £ *%4 2 - BE * . * 
* A " * * — 
4 $544, 1 7 ” 2 : +» 3 , 5 g F 2 & 8 * b, > 20 * . 4 
_ > o bo * - # 
a $ Oh : . oy, N 3 . i 2 2 F 3 a 
- Dea 8 7; S > 3 - » 4 2 « g — . 
- 2s * * 's - * . o tj = bx 
, * 4 e *. 5 1 5 8 % 
4 oi. » — - x | N « q 2 
? "% * * — z p * 
** * d 1 4 , 8 — n - . 
a & "Wd. 4 1 4A 2 wt : 
_ L | 1 A _ - 
= Fu - "I 7 
, 2 7 - * | 
. 1 9 4 — — a F 5 4 5 - ” 2 1 Y 5 0 
— o 4 5 f F * 1 42 897 wv * 1 * | 
2 To "4, | $ * «SZ 7 © 
9 & | * N 8 
4 . * ny x g g * 
a: 1 | BY 1 * oh ; 
e : b 4 ; 1 1 8 
EE et ps | E 1 * . 7 5 
u, c . $ 4 - . . Rs « » 0 : 
* * zF 1 r « > a, . a 8 1 
* ” : 3 - ; 24 * i 
* 7 ; f a i i . 
* 2 ; . I * & " 2 , 
_ , * ' * 4 1 4 — 
FN ; ö ; . 


* 


oY 
- 
* 


ii 11 
12 1 


J 7 


as 
3 to 


L 
Www 
* 
i 


7 


1 
Sony £ 
js 
* 
1 


Wia 0 p 1 
Wire! WIE co \ 5 10 al 2 
. My l hat 1 4 11 
| 4 : : - "3p : + 60 0 vi e han NN 
| | | — | ; ih W 
7 4 1 "= : 4 . j 
5 , 4 # t tj 1 hi \ 


- 
MT We wget Uw . HO 414. ce, + — 3 


* 


| f 
„ 3644 . * eee e PR 


Þ 


lj 0 


1 
4 
* 
- 
+ doo aa Bmw po 44 ˙ » 
— i, 
3 
* 


5 2 


Met 1 


— 


© 


. 
* 
* 
= 
- 


4 : : * F 2 k i « - * 5 ö * Py Wal 14 wy [ f lh) | 6 
1 * ? " | 2 , * N 1 . 570 wht Miki : 
: | , 4 . * ＋ 5 IN 0 {? . - 
x | | as y 2 i ' 
* \ o A VT # | | 5 15 0 1 bh. [ 4 7 4 if "4 1. 4 
x a ' « . 75 Fl ew 4 . 5 ; — : *z - Wy 
; * 15 Wo: k a 13 * TE ' 1 
4 — E } , * 4 ö * 1 
: k . | 3 : ; y + , ; nf off. : * f , 2 | 1006 10 00 
12 by 8 ** N ? 1 5 , , ; „ . ' Fx 1000 Mi. pulls bf a $ 
- * 1 th * 4 | 28 X } * "av 1 ak Wil 00 0 1 a * 
4 «7 9 4 & F a . | : Ne 5 nl if 4 if (x4 
| . ; . 2 bs Y 5 | | 3 e R "it . ö ; ; 
# : 7 - f ; 0 3 Ne 
* : * & 9 o : J E F 4 N ' . þ y 1 "OY ; : 4 F Wi * hull " 1 5 
. ns RA | | | Wo, | | 2-5 ©, 13 0 TR © ; 
} * . - \ . 1 ; a j — \ 1 Fe? . Ra is; pi, l : | 
5 . : 3 7 q 7 4 » : Ts 0 j 1 £ , 5 4 . - 1 00 * ' ff * J Y g . , 1 5 
4 g = 1 a a” OS by wh | en 
y q - 7 * * 1 : ' We N f : dn F Ly . * 4 e #4 3 \ \ j , - p 
2 a t. 4 Wes : 5 * f » # 2 — vl "4 | 7 n Ni ) 1 1 6 
9. . | kf} | E | 4 | + 28 
L , * | 1 4 . * a % * . . 1 * * ” © * * 8 F . . 95 8 
: . Fa. 6 ; y ) N . 0 . 4 * 39 8 8 
i A 5 z 3 * * . ge # K F | » 5 l 1 © 


2 ; 1 9 ; ; 5 8 
* . N . | 1 3 | | 9 1 - "7 | ARES 
Ss N 8 * 0 ——— : . 4 g : . x; 

= * * 4 *. * £ 1 94 g 1 * 2 y 2 2 oy" 1 

\ . 3 y . wt o 1 . = $ : : : 4 5 . 2 d * No + 

"0 1. . ir 1 K n * F-i4 . 4 N o 4 Y i _ 

g 599 5. + # 827 x 83-2 3 : + T # 4 wy 1 $5 ; hs 
8 4 L * > N . 1 - 5 ; M4 Kh J £14 1 . 1 - = g * — * k 4 4 f 1 8 
„ 8 . 4 4 | , & Iy g 1 a Ws | y « : j 5 55 ; = 7 © 

A % 2 5 5 , {4 l « — 1 2 . * it F 1 * 8 „ s , % = 0" 

* * — * * 4 +. 4 8 ö - i} 1 % ” — i 1 * ; 4 | u 
1 - 8 En 5 ; RL . # » 8 ; 3 . 8 if © 3 mY 

As 1 $2” 2 % ; "2 0 , is * i : » 2 * z | * % Me q = b * 1 

17 IS. » - * - - 2 i * hs [ : * 55 5 

. 72 * "32: , 3 * . ; \ * 5 110 þ 1 5. 2s 3 

* WW. * . 7 F & 2 , * 4 \ 
1 * 1 8 1 753 3 f F . 5 1 + 2 2 
* * fo 5 wes q oy iy . : L 5 ; L wo ES. 4 
* 2 * i L mM G 0 A 
* 5 | a! > | * . „„ „ 4 
| * 
\ "* 


** < ; 4 2 


KY : 8 
* 
A 1 1 
n 
* 
2 
PS 
4 
9 
2 
1 5 
4 1 
* 
11 
N 
95 1 
na * 
% 6 
$: =, ) 5 
2 
* 
„ 
8 1 
* 
2 . 
* * 
F 
* 
» - 
» = * 8 * 
* * 
72 * 
* F ny 
\ 2 8 
* 
Fe — 
= = 
1 8 1 * 
WC. = Ne · 
* 3 
ad 
of - 
4 
EG | 
4 - 
4 * 
- 
+. * 
; 7 
7 
1 
x 
: * 
* 4 S 
* 
14 
+ £344 
* 
2.” of 
4 i 7 
* oy 
A = 
* 
is; ; 
I 
# 9 - 
* s 
* 
os - 
* 
& 
7 
4» * 
4 
o 
J . 
4 
* 
5 # 
- 
Lobsang | 612% 
* , 
* » 4 
nr . 


Vil 


Thousand T1 


W 
I 
[2 


7” XX 28. 


= 
114 
4 a YO 1 up) 
it Wt # 5 © 
* * 7 
4 ”, 0 % 
; a6 s - , 1 4 JS N 
4 © : 4 * L — Ap ; * A by 
= 1 * * 4 * 2 w 4 o * 7 * 1 1 
5 bs © * . | | „„ ö a 
1 ** * 15 7 * . . . * — E | 


a 
* 


1 


MW At 5 


os Wh 
* 
& 
„ 
* 
= 
MY, 
4 
* 
6 
** 
8 1 
- 
: 
« 
* 
＋ 
* 
— 
r 
0 


* 


25 * - 
>» = » 4 > 4 - « % "$2 g * * | | . 
% 4 F-# 4 % g * 7 4 bY = ” * * X . 5 : 
2 5 3 * q - * % 4 8 G 7 
7 * * 1 4 
& I 4 - - * 2 — = 2 * 
* ae”, . 4 . P 4 - 
5 3 * Wi - 4 . 5 Man - - F 3 £ 
$ 7 ; _ 4 , 4 
N ad - : : g 55 — = a 1 { : } Mb. L 4 2 
o "5 Tx = : x wn Y mh $ _ . ih all Px - = —— — 
1 > 7 4 8 3 : \ A - — ae Wer Oo. 
8 As; > . x 1 - A 3 4 ; 0 ! ? I 2 
8 2 — * © . 4 y . 7 1 — by 1 4 * 
5 2 - I J "4 7 0 > REY" 8 3 Sa 
2 . 


2 
% 
aue © bn, 


iS 
4 ++ 4 K 4 : os ; 8 : ; ww 
; 2 £ 2 — — * , 1 1 * N I i \ - 
a Ns - 4 £ * * N 8 * . "OR : + 1 | * — 1 © 
5 7 ny 8 ; : - | ; 5 
* 1 . 0 1 * Y 

"> IRE 4 oy - N n S ring * y 8 » 8 1 . l 

* 7 1 1 5 ' * a . 5 
2 a . ; n 2. 2 5. 5 : 1 
6 i; * A 3 * * * 1 327 
Fa. 4 2 . : * s 4, 7 * a 1 4 1 hl I 
> 8 3 2 5 7 
5 x4 5 * SE "A ww 1 7 + 9 - J , LY 
* 2 1 bs * * 3 » S : S 1 by 2 2 
N 15 + > „ LY * I . 4 - 3 * * 
: 8 5 . | 3. — 5 : „ A+ 7 ; 45 

=J * 3 oY 5 * + 5 A * 4 F ” . > 2 5 5 
33 * 8 * * 3 8 5 81 E . s ; . l i 92 , es Yor 

a Ny - — 3 . : þ : , . 5 3 | 4 © . 
"= 5 4 _—— w 4 % 3 . ; 1 ing 1 o 2 6 $-< * Z * FIG f add 


1 << — * 
” . « - 1 2 N 
« $4/>» % +" "as * — 1 N ” 
rhe a; FEA et gd AMR > 4 


>; WF 
3s" R = * * - 
* : „ d _ 2 


3 8 5 — ba" +; * 2 ” 4 
*r 0 9 . T. ; by 4 > 
Re . 2 . - Me VOY > 
"=> | 3 5 mf " age ry 
B 7 . : y PTTL 
S . e 24 * 7 * 4 4 932 I 


4 * 
a 
* 
* 
An. 
3 


9 


. 


2 
* 
g 
255 
2 
x 
C 
+ 
* 
LEY 
* 
* 
4 


5 
7 
— 
Bw 
$3 + 
rr 


. 
44 


* 
1 
A . 
wan 


« 


* 
0 


8 8 
, "CER * . Lo 
ee, — YT _ wr BY + 


r er dare ts A 
1 * 


, 


r a” ry + av 4 e _ COR - r r mud 


vt e n * e Ne * 


* N k - LES - = 1 N p , * * 
N 2 42 NY 26 3 * 4 ha 4 n — — 2 * 4 
— 999 0 "WEI  _ 4 TN” * 8 + % 
> 1 ins 8 1 ” 
8 „ 7 ® : * W 8 n » TIRE | 


— E l — 


* 


N a » 
+ i. mnt may wen OC 
nw” 
8 Fo 


* * 7 = * 
* ͤ K E 4 ooo irene oy — r 


2 


— 


P 


6003 the ty. WO hx I x 6G pore £6 


ohio ee hare then gps ee bp et 


fe eee 


LL ow 1 44 


Y 


* RT ETD ' 


s 


ma 


> 


7 


4 


AN. „ ant ar 2 oo 


* 


— 
6 ” 
Pup 
4 
wx 
o 
* 
” 
7 4 
2? 
* 
4 
- 
- 
* 
„ 
1 
- a 
4 
4 . 
= 
- 
* 
8 
=_ 
- "D. 
* 
— 
1 „ 


* = 


5 
I 
x 
8 2 
* 2 
o 4 
& 
5 2 
14 
* 


3 
4 
* 
1 5 
* 
2 
4 4 
"= 
4 
p 
5 
2 
2 4 
* 
— o 
- - 
- þ 
* 
= bs 
„ 
% 
* % 
8 * 
"> 
* 
4 
* we 
f 
Es 
4 wo 
v a 
"©. 9 * ? 
7 5 
7 * = » 
= 
= 
— 7 
OS. 
1 LE 
Ps 


4 
4 
2 : : 
- & 
V3 
42 
+4 
; 4 
"4 
EIN 
5 ing 
+ 
C 
5 
A J 
4 
A - 6 


x 
* * 
8 k- 5 
= * 2 
9. 
= 
7 
*** '£ 
* 
1 
« 4 p 
i 9 
. < 
. 1 
—_ * - 
3 
— 
a 2 
5 2 * x 
45 n * 
Fi Po * F 
„ a - * 
" 28 vp _—_ 
: s 
” "34% 
* 
4 7 
33 2 
5 = 
_ 
/ 
4 >: 
* 
1 
« ++ 
” * 3 4 
— 
＋ * 
5 4 
” { 
* N > 
F WE — 


=. * a 
PPC 
N e * 6 * e 

4 A S thy SAS 0 TI WE" ny 2 88 "oF: 


ES, 
3 
„ 


N e 82 83 , 2 8 < 3 
/ 0 TT... OG ANTI 9 : e 8 
t g 5 N 


— — ; 
* cc — -* + 


. . e W * * 4 _- — 4 
* £ 


4z — 22 ts 2 2 * . N $ 4 1 8 a, ; wilt ow 2 4+ "4 ; 7 2K 239³ðẽ³ .vd na . ep „51 1 4 1 1 W * ee * 
a» 9 * 2 * * A I] ” . 7 - MX : >.< 5 E "SW Het - * 1 * 
72 p Iz . $ * * 4 7 + * "a 32 A ˖ 4 Pe OY 1 ” G : 8 * PN 1 47 * 4 . F £ "= 51 4 * £2; wth T's 2 = 2 4 : 


x. 3 Oe 
27 92 pe 
5 $94, 
= 4 ff 


Es AE 


was 
1 2 : 5 


4 


x 
* 
1 
* 
— — — 
* 
* 
* 


s r \ 5. — 
my b A N - 1 2 = = 125K 
- wy” a g : # ws 
*. : | | 
l ot - „ . *s 4 £ £ 4 0 A »* 
\ TIES 5 « — * 
3 7 I \ 2 * , | 
3 MB is 5 5 o 
4 0 1 . — > 
- , "4 - ? 7 ; l . : | 
| 8 2 | ; - a * 5 
1 1.4 4 2 La 
> s . 7 * 1 * 45 , 
Se =o = . * 7 af £ A 4 = vr 
| $ — : 1 1 
* * ; 
5 . 
* — : f | 
K 5 ; 
: * k 5 
5 | As o 8 \ ; ; | | 
= * 2 > 
g | | 
; : | 4 % 
: © * 4 a 
9 D 3 1 5 
2 | 
2 * 4 — - — 
: Zu a | 
- , g ” 
* ; 2 5 
# A * No . i 8 
: 4 S : - 2 
_ | 
— — „ * 8 ; - 
« ” 
+ F< 8 x - » 8 ** 
5 | | 
* 1 n r > A 0 1 
* = * : 
1 0 N a 
4 5 n : 4 4 
- - 
5 ; 2 
6 
. 
| 9 
* > of 8 * 5 
3 0 8 2 
< 5 | of - J = - 
: ; = N * 
| — — 
| | * 
55 > * £ 4 
m_—_ a 4 4 . »4 - ty ; 
% ; - 
: 5 LY 4 » » * * * 
Y - s 2" 3. c > 
bs 5 8 5 7 
= 3 £ 7% 
| . 2 oy * * * 
F 2 5 * 7 
2 * * 8 4 * * 
252 * | 
. 3 : 
F fn bk a 
* 


. 
— 
— 


: | _— - 
; 4 
— £ 
v_» ; : . * 7 
. | 
= " . 7 4 
* Wo, * . \ 
8 5 4 
* 8 1 Fi 4 $ 2 
9 1 6 4 2 > « > 
| . x? 
» j * U 
> - 


en 


% 5 | * & 5 


** 


3; 


- 4 ** 1 . , _ 
ö 5 : 2 8 x * * * 4 * . 1 


* K we 


F . e , y YR PR CEE PEE IPA n BE ̃ ꝗ ꝗ ꝗ CEE PPS e . . . I < RIS OA ORE ge mn ——— ng — — 


ane 


„* 


— 
5 - 
PE ie 
"1% WEE 5 | 
. * 5 1 
— 2 
1 
" Ys + 
: | 
. 
» 


— 0» 2 — ANG; = 0 


— 


— ob aur vs DVI 


„% — . —˙¹.x rr EP ERA re er gre — i 9-4 TRI 


—— PS Ee a APE III re 


ac 


. : 4 
. 8 
4 * 3 


„„ „4 „“ 


1 
— 
PE : 
F 


—— 2 ** 9 32 
* 


4 


” 


4 


* 


Fg 
- 


8 
. 
. A RN Ar Fes 2 


- 
— 
” 


* 


8 
> 


* 


198 
, a 
* 
} 


— 
- 
- 


Pe 


\ 
* 
. 
* 
„ 
* 
* 
* 
* 


Lo 55 


» 

» ' . 

CE Rog : 

5 Nr 
8 —— 

— EL ., 


2p 4 * — „„ „„ „„ LESS CESS 
. S 9 * ——U— „„ * 
* * . 
. 43 „„ — ; . * 


VS 


oy 
r OS nd 


2... Feb 


* 


NM. 
* 


* * 


» % 


—— 9 — + 


325444466 6 


\ 
* 
* 
oC 
n 
W 
* 


Banks B 


* 


— 65 


75 


Fu 
* 


* 


- 


7 
* 


——— 6 + 5 Se Se SS S4+ 
” 


er 


2 | 
og prove 
"Eaves 157 
. | 8 


q 


| 


: * o 
* C 
*S. + * — 4 
% L Ws . ; . 7 5 
» ae - * 
d : : « 
4 - + 


F y 


OVEMENT o 


« * * 


% 


| L \ 4 , 8 5 by 4 . % - ö * * . 
1 o : - « , 
1 . pon” : x x 1 D 0 Pp LE 
= 1 4 ol v * 
1 ; "24 15 + » 4 . 
On Ee TN ea a — . ²— . ²˙⁰ . GL CEE ee EA NE Ay — — 
eee. has — 2 ——EUjä et top re YG ARA A AT r 
. ꝛ] 3 ⅛⁰᷑] — ⁰˙ům ! ̃ ̃ ÄqF, pp — — — — ̃ͤů 2 *r» 22 2 — —— PIRATE" 2 _ PCC 
5 "yy — ] am rr re nr nn OT To"Ee — — 
| - —ä P ³˙¹ wmüꝛ iR — , 
1 \ \ pf 
* * . 7 
4 4 e 5 5 4 2 ; a \ * ; $. 4 44 
5. % * . thy þ , 4 ) 5 WIG 3 = 
: . 0 9 285 ths. a * : . e N 
ſ * * 3 : 9 8 0 8 „ K 
n . IAG ; 1 8 325 f 
4 , 25 # 
— * * 
* * ; F ! 
? N 
N 3 | | 5 2 8 
ö a a 
* . 
IA * ' * o 
$ = 
he 4 » 
* 4 * © 
* * * 
. _ * 
2 * - * 
y Y 
* j 
» 4 
1 . " ” 1 
: / | 
. 1 * 
* o ' : 
* * 
. Pp R 
8 
1 . 
= to þ Fi : . 4 8 
— * 4 * N 
4 4 
. * * 4 
o > * 7 . ; * XN 
* o 
3 ns" . ? 
4 . % V N * ö y 72 \ ; 
* c * . 
, [ : Yy - * . i * 4. \ 
3 „ * * L ; * 
* * * * * .* 44 
4 t- > * 1 o J 
. 15 .* . . 
* * . of Fd * 7 * 
= — 4 * 42 3 
5 5 * : 7 . * 7 * » . * 
* F4 * N "Fs * - 1 * 
ä x * ; « g . * . * 
. 7 * ö 1 > f N 1 1 } 4 
2 f I * % 7 
. P F * * : 13 - 
8 of 4 1 2 * 4 7 
8 ”> »* 
-} 1 * *> * 
Pe of * wh K* 
: - * 
* » * 99 
” HE.» 
: * - P k ; FS 1 4h 4 3 
7 x * * = 
po - 
. TY OY >| > Jo * 
2 . * 
3 28 : . 7 e 71 0 , * 
at Q \ FE 4 * 
F 3 . * 
** . - . * = on” ** ; 
ja * x : 3 * . .* * * F 
* - „ 4 3 A *** 2 0 7 * 
— A A * D : 
*, J ** I * * 1 - : 
. * ; 4 * * E S* 
"4h . * - * * 1 " * 
. ., * - * bd i. 
. * ag * 1 of? F4 ? . 
Ds, * 4 * 5 * - 
o * { + a * 1 * 2 tg, 1 
. 5 | (OF : ; 12 
. * 1 2 F 7 -* K * 7 12 
_ *,.5 - . — . * 
* 4 % . : 5 4 Pi = F % . 4 4 : 
PX * 7 . - - 3 * Xx 
5 is. 8 : 8 F ** by : 1 1 2 N F 
* 4 — — ———_ aſl : 2 7 * s 8 71 
. L. wt 4 4 — * ; 
1 . \ * * = PR ” 83 . ” N " BY: : I 
» Y * WF 5 * 2 , 
7 \s $3” Bl * Sf * : ; 1 ; 4 2 
*, ; | * "IP. 2 71 & 4 . 83 1 f 
*. * / ALS $2 . g ** . 
7 4 8 * HED : 2 * ; ** F * 
2 ; 7 . . 5 > Bs : 
if x IG - * OY | Ke b N 
. " q 8 0 3 LY £ Fx 4 
8 * 2 5 . ; G — — a 
„ mdon on voce W | 5 
$i 2 . i By + 
; = * . . 
* . 4 7 * 285 
wi * 5 0 % * 
* . 4 % 
7 Ks - 4 , 
1 Ky | \ 
2 ws , 4 
— K "Sas . 2 2 
*2>>. J . \ 
2 5: ; 
* 3 7 * 4 Wy \ 
* . *. * 
4 7 7 F 
% "3 ; 
; Z * 
; 8 
4 
- 2 2 
* * 4 
* o 
— & * 
: . 
A 1 A 
er be 1 . N A F 
l o 4 Nh roar Et Ie ot rer 
of : z 4 . — . 
N , Eh or : 
70 f y 70 1 
, _— by 1 . 
= * 
os ? — „ * 
7 4 
xx Fe * 1 
* 4 : 
* * 
* « : 
— 
. . 
, * 
a 15 


„ n 


1 . 


to the Meridian of St Pauls, 


: 5 0 
1 
* * — 
7 i % N 
1 * 
1 « 
jo — 
7 
, * 
- 
„„ 7 
PS 5 * 
9 1 4 
. awe F . 
* 4 wp" 
, 2 * 4 * F , 
8 \ Re We * 
; „„ re wy ” ef . 
„ „ * 8 J L 
2 0. * n 8 bo 
„ 33 — n) 
wn „ | | * . 
„ * . ' . 
* - , 4 
2 5 aun” \ 8 
- - ** x 
a „„ 4 8 I 2 
r * : . 5 , v, 
= go? „ / 
. 5 0 " 5 
* 7 44 : W-7 + . 
$ > 3 
„ : : "A 
hes * 
PS 
„ 4 N \ \ 
% 2 . 
on 5 * 
. 5 * 8 4 
nd ? I 7 
* 7 * * K * - 7 
* 4 F * * by 
„„ : — d . 
25 > ; 4 N * ] * = 
.* © — 1 1 : 
. 1 ; 7 5 7 2 
) b * 
N * y * 4 * 
4 . - 
{ 4 8 # * * > 
N . 
; - 
$ 4 7 ** „ * — 
: * A * + > N A 1 
» . * Aa 
. * 
- * * 
7 \ 4 
i P : * » 8 : 
$a 7 * . 
| — 2 . e 
1 * , 
: * 
, N 1 2 » 9 5 
* . 1 * of 4 
? 1 Fe 1 S 
# \ . 1 j 
; . 9 1 
ö * Batters Ee q . 
A. * % : ea - \ 
$ 7 " & * - k py * 
1 4 , "We - \ OY 
. 0 8 wy 1 4 1 
J . : - 10 
4 why . 
4 4 b 
" 85 * 1 
* 
8 0 ed 


o 


be. 


N 05 oy . —————— .(-g; ,,,. ,,,, Ts 0 OA, AS 
* . 


N. 
\ 
8 
2 
* 


———U— „ww ͤ A AA Pr, + 


= 


= 


45 * | 5 
— t N 1 | 
66-2 . 
Ce And > ts CE LS. —— ——— — As. het —_— a mr — CY l 8 —— P AA A . e r . IL IETIED 
4 : > % 2 | 
* 1 * 6 | | 
| £5 * 0 2 * 8 0 5 0 » ( 2+ Ap 
. 2 "FM + > vb *. WY 8 : 4 ; | | 
: ; p . P Ec) ' 55 


. 


oy 


© 
—— 2 — WY err gant ef Re 7 a wes eo reg os * —_— — 
x 
4 4 . : ; — | 
| | 4 * 4 
7 J % * - f mow ö 
my 2 I | ; 
+ a” © * 4 He . * a 9 * TE 0 k | 
| a ; ö 15 ; 
* n F n y : 5 5 
1 * : 1 N 0 ö | 
' » 4 93 oq 12 | | 
* l i 
: : j Ig ate 1 K | | 
7-0: N A £ * 
1 e | 
. 1 g & 5 ”* v4 » : 
% F ; 7 7 ö | 
; ; G 2 | | 
: _ 
+ \ Þ 2 | = 
«3 7 a N 
| | NH 
; \F 
* 
* - * 1 
95 | 1 | . 
ö * 
2 * b 
72 . 
. 7 | 
**, L ; : 
„ ” 
1 * f | 
, | 
* 
I? 1 : f | 
* % 
\ | 
J * 4 \ y | 
* / 
* | 
* 4 ; O Vowen 2 | 
* * | 
- 
7 
: | 
* | 
"4 } | 
ey . | | 
8 \ [: 
** 
— 1 2 r » 2 : g | 
34 
— i 
. 
*> 1 
1 Fl kV 
EE TE: i % 
La F 
7 * \ 1. | 
” 1 3 A . ; f : 
3} - | 
| 4. 6 : 
Y < 1 ; — bs . 
5 0 4 | 
* 7 . | | 
.* ' h | 
as > | | 
= . , 
| : 77 : | | : 
27 : 
25 i | 
2 75 | 
2 * * 50 | 
Station ; P, *, . 
1 : : 
. 1 42 | 
1 | * 
ö | 
P 4 > 12 * FI : 
| b * 
* 4 of . * uy „ | : | | 
; % 1 AY £5: ; | ; 
an 
. — 
J W ; * 6 : : 
o 
: . 6 0 E 4 | 
- Is . . . 4 : . / 
** h *. ; c ; | we 
2 * A — - ad - 
7 * 
* | | 
E * 
- * | | 
EN pa * 0 x TY 8 
4 
- Fs * . a 
* R 
* 
; * N 4 
* 4 0 * * 1 1 oo 
: a | | | 
Ta : b hp wo” 5 > * : 85 | | 
8 5 3 {es IP pts, # 4 Rec 8 bp > 45 R N 2 — "es Arn : - 5 2 
\ f . . } 0 8 * 92 
7 13 
{ 0 : : | 
* 13 
AY i 
© 1 i 
1 f St F a 
| | | eee ee . 222 4} Fe * 
— 
a . j 
dene ; 1 3 
9 j | 
HZ 5 1 
4 : | 
| | a : ! 
| | 1 
| | p 1 
3 | 
4 
% | 
4 4 : 
— *. o ir i 3 
* | | 
* | 
» ; 
. * * 7 = | f | G, 
— % X * # Ds, 4 £ | | 
— — * Oo 3 5 5 | 
*.. * 5 | | 
# " 1 2 e 1 | | 
- " 3 
* 
7 ' " : 8 
: © e eee N 
F 
_— 44 
32 
N 
„ 
q PT 
„„ 
„* 
92 
* | 
\ 1 
* 
"4 ' 
- 
z 
8 
0 1 | | 
| 8 2 ; a 
z- a | 
% q . 
. . : | 
L — 
* 
- 
Py | 
: * 
8 
b 7 | 
6 4 * 
| * 
** F | 
| 17 
© \ g N . : | | | 
- | | 
5 os hs i | | 
: | | 
: 7 3 , 9 | 85 
* > o | 
* | 
4 * N * o | 
U * 2 1 | | 
" 55 * | | | | 
' N 4 . £ 1 * - - 4 
& 4 » a 3 . | | | 
„ 1 4 1 2 \ ö | | ; | 
A Py : | | 
| — | "Od 'F 
: * } | | 
' * 8 - £ hat” + 1 
| » 5 grein roy 16 + ; ee I EH WEI PR 
* 80 4 . *7 \ ” : | | | 
5 * 8 f . | | | 
/ | 5 } 1 A : 0. : 
- * —_ \ | | 
| | f | | . 4 E 3 9 1 15 « 
” = 5 et * $ 2 1 1 | | | 
| | | 5 5 8 . ; | . 
7 4 * 4 . Hh: | 
1 5 1 4 * 1 Ker % « ; \ | | | 
| | : EN ; a wo 4 TA I» 75 5 1 +43; ** « * 
| | : | | £ 8 N \ bo 3 Ws L Y * 2 * * 1 s % 
| ; | \ : _ * * : 45 
% : | | 
4 | | 


* 


— 


* a 
1 * 
0 C , j os 
i E * 1 NM 4 * W 14 N » of & 
: LR 7 F * b . * « 5 \ 4 ol * * bg Ew s bas \ Id 
« N 7 . . * bo ON . 5 " ES os. 0 . My Ye. * 23 8 4 „ 
oe X * hy * 8 0 6 * W a ? 
1 x 8 f - N 4 : es Fog, Te. 4 y 1 3 
1 e . .» PA 4 1 ; * N. K 1 Lo p ae rs l 8; 1 
1 's N » - o * > 8 2 * 
2 fg l : 2 * < 8 7 ** 1 F 7 d , * 9 * 
| p ö BY. | 0 0 o , 3 * 14 2 7 a : A 1 . 2 1 2 . 4 . ＋ 8 
* : 7 is ; : * « $54 508 k þ | bi 
F ; 4 , f 4 4 , 8 ? * w 1 1 
5 at 4 F * 9 * 7 £ Y * 
4< 5 5, ts p 4 * 2 
. | 7 ran Vo 1 
. p * - : / N 
CPP — —— ——— — . — Error 
K F v Er InY 
> Cp. .. ˙ ü ² . NN . ——— DEE Wa. - > A 
PP J ] ͤàX!1:.!. ] WIE A Yo 9-404 Dogs D . RATES rr. 
0 I II ory 
y - "+ 28 * x ? C — K > eee — 
* . TS * 
N 2 * 6 4 
4 7 . * - 
s , 
F * & L 2 . 9 1 * =. p< — 2 
+ ; mo be : * HSE 
— 1 F « : « 3 4 : act 2 7” * 8 
3 7 * 8 * 2 ; © * * Ta 
2 | 2 $ : \ * N 1 ws * f 
2 <2 8 ; 1 4 P 
x * * * 5 n 5 1 F 
% 3 ; ia £ i 7 i; F.. A 8 
% * 4 T , 
£ * j . * 0 — * . * 4 ; 8 
1 - 1 + * * \ 
* = 4 j ? - * * _ 4 
4 1 1 7 A * " ; ** 5 
1 * x 1 5 * x : 
e - 1 * ; * - ” 
4 * — * 
> 1 . 5 — PL. 
be 9 1 by bo > pl : 9 | 
s * bf 3 : F 
* 1 : yy * q ELIE A 
— . ” \ = 
— vw f f 8 N N 8 a : , 
* J : y * 
4 3 5 1 : , k - ; 75 ' 
, l » c * ** 2 1 * 
5 . 5 oy . & | } 
a * 1 7 % . * 4 
- 2 2 0 y , 4 4 5 1 ' 
4 : ; L i 
* : 
5 * * . n 8 
we „ 8 n © Wanstead g 
2 3 % 
/ ” : a . * $ a » 
9 & N . : I C 1 * 83 Po, 
, - % Ks g 3 4 / 18 2 
* = * 1 
77 4 0 N C * % ” 
* * * 
. » * * 
— . * 3 * 1 a 
$5 # * * * 
. ” 4 A 
7 7 . * 1 i * o N » 
—_ * * a 
1 a * 4 - A E. 1 
5 * d _ BY > « 
4 * : = * 
\ cr 3 * 
* * 
7 * * » % 
1 : " = 7 1 * I = * 
4 * 5 3 
7 4 L * 4 
: # * * 4 
x and ” 
; , 83 : o 
. 5 % 4 * \ 
A. & * % 
— * o 4 
* _— 4M 
- : 2 4 
, — a ns F 5 | 
i ” * » : , 
4 8 F * * 
« . '# . Fo 4 " | 
: . 8 5 
4 — * .” 
; — 4 * 8 1 ? % Fd N * 5 ö 
£ $ » 4 1 2 
Ry * . \ 
* >» * o 
4 8 ” F 4 0 
0 Sb ö a , | . : 
” of 2 
* -Y% 
* % K 2 5 I | 
2 . 
- " : * 
* > 5 q 7 ” CA 4 
fl SON, *% % ; . # — : 8 * 
* * 2% 8 * % - * * 1 8 * — , 8 
. * * * 4 
. 2 [ 5 7 . ; - 8 . 4 1 5 
+ _ N * vo * 2 7 
4 I " 
- * * * 4 . . + A ö 
4 - N * * 8 2» 7 * * * 
* * 
2 Ls 1 > 1 by. . Y * 4 
* * - * 
. * * * 15 FE | 
» * 
0 R % „ 8 
* * * - * z 
4 . ” 
n + * 1 — $ " R 
: 8 . f x 
2 N - * U " 2 8 . 1 , * — | 
7 * 4 we . 1 
y bd * 1 T * : * 4 . * 
4 : 7 » 5 J % 
1 a 3 x * ho * 4 
- > "7 Fi N . - * ES 
>: 1 1 . X = . : N [ 
* * bu . 
« $ ' 
p z p : | 
4 , F A . 4 Bobs N 
- 
it \ — I \ N # * is * 1 5 OR 
o 2 - * : 
: W F 7 $ * „ * 1 3 
A * 3 « 4 . b 4 4 * 
5 — « : * : j n * 
5 » . . 5 . ö 1 
| W 5 
: : 1 , \ ! 
— * - e * 
** 1 = * «2 x * 1 
£ " K ” 1 p 
G 7 * x 
4 3 orc 0 9 5 \ * « 
3 1 F v : 58 EY 
g 0 * ” * 4 * ” . 
5 0 . « I 4 
8 * * . * 
%— 4 * 4 5 * * 5 
* , 1 : 8 4 Ll # ” : 
* 71 G 4 * « * , ” 3 [1 
4 G 
* a. * p + 1 4 i 
* 7 9 1 - 2 a 7 | 
1 \ 4 * . . ; : 
1 N 
£ OY . 
P 
2 * - i 
* 4 
2 1 x 2 * x ? k 
. ” . 
** 
ö . | . . 
— . 
* @ 2 
' N "1 "3 * f e 
bo 
: f * * * —— — Bs 
* a - 4 N * 
. Ny \ + ; 4 ' 
A 5 
. F , . 
. 7 7 \ x 
of » ITE A\ l 5 


2 5 . 7 N 
ene, to 28 $5746 rue, 


e > by ee ns 1c, 
e 


17 


ne . — 


„ . 


. 


$ OT Ke #. J oF 


45 "a 2+ 


— < * * *. * my 3 
* 4 1 
g * . a N ( 
£ 7 . "4 7 S 4 9 0 
o 3 
N \ ; : 6 
ö c * a % 
* - 
* , « 
þ * 
7 » 
+ f 
ad Fn ' by 5 · 
— o 1 
9 + * 
5 ' 
L * 
, 
: : 7 h 4 : * 
* * - . 
: x3 
— —— - : — * - * - — — — — - - 
; * ' ny La * en Wan 5 __ PO IN - 6-4 
, + 4 \ 1 9 
1 9 4 A 
3 £ — 85 1 * 
1 * * * 
5 * 
2 i + * £Y 
GE | 
TT... at — - Q 
3 7 * * 5 ; 
0 . 
« 7 2 oy F . 
* 7 1 
» = 1 
* N 
p ' a * 
# « » * — 4 * 3 - 
- x p4 8 * 
# : 7 * K I * 
5 N 0 
*, - % þ N g 
LY K 1 . * * P 
*. 7 4 . . 
ue 4 7 bu 4 
* . a 
* . 7 3 
9 A - 0 « . , 
*%*,4 n : e . 
. ? 4 8 > . ; 4 
« . * * . 
**, d - *4 ? 
* : 
. *. < 2 ” . — - l 
*« 1 7 1 5 : 
4 : ö ; 
p — %« » 4 * 7 - Vo 
ha © 1 33 ; * 
>. W c * 4 x 
* & * : * 
5 . ' 
„ ”, ug 1 4 — . 
= * 
N. 1 5 N by g 
4 A 0 . 
23 * » 8 
2 * * F 
: "Ss . 1 * 
*. * 3 5 
Ds. 2 . *. 1 : * 
6. — * . 4 wy : 
. *, *, * + . 
ry * 0 8 
F 4 Is . . 7 ; , F 
. * *. . SS. * 
' Ss. ö ., w y * . 7 
*. % 5 . * 
es T8 SS. 5 Ek 
*, 8 % . . - OY | : : 
1 * 3 5 5 
* 8 # . . 4 : F 4 
f 4 *, $5030) } 7 
* *. 2 Ld * wy 
*. * * * ” 
. * * 's * : 
Pr, os . 3 
” 1 *. 3 
* 7 ned * — — 
* 
. *. ” . 
*. * * * 1 * > 
. * *”. . , ©) 
I 4 * 5 Ll * 
3 - ' — * f 9 
% . ; *. \ 5 f 4 
8 4 g « 7 ! ” 3-0 J c Y 1 
5 4 Y » 1 *> £ „ 1 * * . 
- « * * 5 1 
1 — „ 3 
1 
b — *. Y . * 7 
9 *. . 4 
7 *. . 22 7 * & F ” y 
hs F4 *.. * : : 
N 1; *s . *, — 8 * A 
1 ” *% * 
, He / 7 WS 
7 | F 0 i 1 * «3 is 4 
, * , Fc, * *% . 3 4 
N 8 . 4 **.. F = Oy 0 a 
| | . — | 0 bs | 
+” % . 0 4 4 A 
- / * o 
$ of * * . *% 4 - . * . 25 Ig C 8 
1 1 1 44 4 
; ' a - G 5 *. & = * : 5 
7 ® 
* - 
us = 
» LU | 
7 wn” 4 
K 4 
, 1 : 
w'þ bs 8 1 1554'S N j 
* 6) 4 N j 
F „ 4 ” 
| F 
wo, 52 * * 1 s * f 
. 2 " a 
4 as ** 7 ay # 
Rt oo © 
. , " * 4 , x 
= 4 n = . 


8 Ä 
— nnn — 8 


—— ——— PAI UTE ů A ———— WITT os —- — ann 


—_— 


* 


— pppp7½˖,j . — HAH BIT Tak RT IS. 
EE I TY” ] % ,, ⏑§⏑r¶i]% Ee a A , ˙—˙»w—ÜÄ————1I—, §7§＋1Ä—grr, %ũuQ' 


e URRNTE 


* * 
«4 
n 
Wl 
T3 ww 


5 


= 


— 


2 


N 


We 
5 whe. 
+ 
" 
- 


FOES 
— 
** N * 
N 
”- 


40 3 
© *4.544. aw 
4 
3 * 


Kew fugoda 


t 


. * -— * * 
A * . ? . 4 7 
: \ 1 
0 1 P « : > £ : . © a 
; x : N : : \ . . f 
9 . — 9 1 L * "4 
* » 4 x — 5 
* *% * p 4 ” 
> ee - 
4 0 z * 0 * K Wa * 2 ” 
8 5 0 0 Wks 


” 4 
1 * 
4 x ? 
> . ” 1 5 i 
4 5 * £ * 4 * 
7 1 1 2 3 Bets! * — 4 > p 8 
$x Ag « « 8 C - 7 & 2 4 
2 _ „ / ; , N 2 F WW 4 . » Fe 
. \ * * x 1 
> 21 : ? Le. 0 . # * * * * i 7 
— bY * F 7 \ N : NB. 4 : 
75 IE: * 5 wy C44 9 25 G x * + » 
- * d 8 * 
5 N F z s / 8 N g : 1 o : 
0 . % > 2 + 1 b 
* ; N . F 8 STENTS. « : 5 x . t 
? * 4 1 ** E 8 : 
& 4 & . n 2 : 1 
1 „ by d ws 2 3 i o 3 . TY. . 7 * ; 
4 5 $7 a 5 5 bo * 22 1 2 | 
2 4 4 5 * . * * 4 1 C 6 5 - 4 # * p 8 Y F 2 
8 . * 5 A . * 3 * 1 > 1 7 F 
8 W 14 9 : 4 N N . ; . * * Pay * V. 7 F * . : 
* * * 4 83 # K „ 3 1 £ . f 1 * i 5 n 
. 1 % : 
oof * * * v * 4 > F Y $ A * : . : : * 
* c x C ; : « Xa ORCS. © N ' p 
1 2 * ” . 1 — y * 7 S 4 * 4 
— N FS x N 1 * * * * : * 
1 a 4 G : va" Fx { " : TRY \ F 3 * * 
1 8 FY we 7 : * i 2 4 5 : - af 6 
* * k 8 5 > * * 4 — 8 $© 15 * 4 0 
0 : p , Th * 5 * 1939 4 
i d 5 ; : - 2 7 4 1 Roy FP 5 % 
£2 Ty * . * - WEST * * * p 2 : | 5 
7 > 4 > 
- 4 of . 8 7 - 5 * 1 * 7 
* * 2 * 4 — _ » Pn . 9 * 
++ 5 fy 5 * 1 * 4 * a 8 1 
* y 4 0 - 45 4 ” - 4 * 0 g * — $ 
* q — $4 y 1 by Y . "4 
1 SS * * * 95 1 * i, * 
p a F * * 5 £ : „ A : "4 YE Ft * 2 - * 0 — 7 ” x "3 - Y : 
. Py 4 4 8 * 
a 15 5 8 ; 7 « l 8 ; " 8 x Rog 1 5 . #3 5 
BY, << L , "I: et; 624 23 l F * 4 A 
* — s N , a : v Nt 4 — A A; 2 7 7 
- D k * 7 > a - 
j 8 EP 7 bu 1* g p ws * * „ * 8 
” * 1 - . 
* 75 7 N 1 5 , , * 289 x 7 - 
+ 14 4 « 4 * * * 1 . 
; 45 : 1 - ** : * . 
, 1 * . * 1 > g 2 Mg. ” : . — 
9 q © 8 ? + — F > QA , ' * 5 
7 : « 5 © 
q * % " gt 5 * "0 * 
4 * # p . x 4 1 } : * » 1 
0 4 « * 4 * \ . * » 8 1 2 a 
2 5 * 2 7 5 y ; = ” * MY Ys lb 05 OY 2 1 * 
4 "> YE x % \ : ö 's £ F . p 
* * * 4 4 4 > * V 
* bel # * Y * + - - Ld * 
\ 4 - . » £ 0 1 5 
2 8 ” 1 7 - 
_ oF) l » Fa.) 
. 7 * : ” 7 U > 
, ? . 7 Ks 1 1 * e - 
, * 7 4 * * * 4 
5 : - þ * p 
" G * n q * 5 FR 3 . - — « - - > 4 
4 4 * 
+; - * 4 wot . * 1 * i - 1 p 0 
F l yp * 4 * „ : 
5 1 Y * . Wt 4 
a . 1 i 4 — ” x - » : 
52 [4 * 2. = ? 4 A 
8 DR £ "FR" | ARE. * mY » 224 4 
x 0 - - 4 a. * * > * 4 
* f 1 $ - F 2 N Z : -v 
8 * — . — — 
4 0 "7 5 4 : 2 = 5 8 N 
5 Li — 4 #Y 5 r 7 1 1 — : 0 * 
N 7 x F ; } A 5 2 t 
A — * : x * 1 pl 5 * > 
3 5 5 % my A E 7. — 7 ry Z 
+ 1 N : * Pl «% N * * * * * 3 oy ” 1 5 * — py * 
* ＋ = i * - 0 by > & 4 5 : : . > of 4 
** q * - 0 _ '%; 7 8 « a 4 
Y do — x " p 
4. 5 * 7 5 1 
7 £ B% Sod 7 3 4 1 
4 2 7 * * 
1 


—— —— 
1 
£ 
- 
$8 
* 
ES 
3 
Py 
; 
* 

F 
28 
1 
4 
: 
* 
" 


- 
. 


* 


> — 
* — ——— — 
P 1 
” 
1 
2 4 
- 
a 
OP 
5 — 
* 
2 
* 
- 
- 
. 
* 
5 
* 
* 3 
” 
> 
5 
4 
Q * 
8 3 
— 
* 
8 
\ 
5 
8 
2 — 
ye 
i 
\ 
* 


Fs 
” x 
* 


1 
4 5 . 
. ö is 
* - 7 2 3 * 1 

£4 K — ** F A . * 1 4 x 2 * a LE * : 7 
: : 3 „ 5 5 2 — k | «4 : 
3 a 3 . : \ - 1 Te" y : 

” * © 4 ©. + C A 
' * 7 * 5 F As * 1 - mY. % * £ * , * F 
6 | LO : „ 
I”, FRY > : . 


F 
+ 
# 

2 
* 


% 
* 
4 
< 
* 
1 
4 
9 
— 
— 
* 
8 


— P 
o2 
8 
S 
A > 
8 
* 
£45 
L 
x 
4 
> 
7 
v 
"> 
* 
— 
0 
4 
* 
BY 
7 
, 
- 
- 
a 
5 


4 
. 
4 
- 
Loy 
> 
1 
- 
* 
* 


5 
45 ; 5 7 1 = 
7 a » \ ay 3 F 5 + v " 
\ * * # ; * - \ > 
P N * , ; x . * . N f » * * 
Tad 1 1 * — E * . T4 , * 4 1 * 8 * N 
2 A 8 * * 5 * 4 F 4 * x a . * 1 x 2 . * 
n 8 ; 1 8 0 . . 02G A : * " J J PU thi ” Y $ 
; p 3 5 5 * * * W . . 4 - , 
* * „ 1 4 * * * 2 * ww 13 Fs $5 
L 4 =, 5 * * N 1 n 1 1 
A * % ** # * — 80 4 b 4 N 0 : * vt aL * * * 
N I% . \ , f $48 , s 8 y F 
l . 3 . 
i p > . 8 4 * VP "+" : a 
7 1 o N ” 1 1 4 x * * 
7 * * A 1 * . 0 0 þ * : 4 | 4 4 „* 
+ N 4 1 0 8 # # "x . 
; « 1 525 1 . ; * 5 ry 1 4 F by 9 
* z w — . © 7 * F - 
: 3 1 8 4 : £ by 1 : vw. > 
[ 4 1 — { N 1 1 0 a * 1 * * 85 1 
LS « ©. : 8 « * 7 
H - — 0 . * 8 7 - * Y 
' g EN 45 2 0 — f —— PE — — 
i l 8 - — B —!———ͤ 
n 
[ UNS Un P n 
* 


— 
—  _—— . 
- —_ 
2 * 922 2 —— 
$ — Po — „„ 
F Ee eh — — 
P 


— 
——— 2 — IT 
—— — 

« e 
— _ n e * 7 

— — a - : 

e — . 8 9 * 
—— —ä— — — n 


* 
; * 


* 1 
0 - 
y ö * „ 
5 ” ** Y . 
1 1 * . 4 
* : 3 ' 
* LO 6 ; 
N * 
* P 45 : I 
> 8 f : 
* 1 ” 2 * 
% | 
5 * F 4 * 3 
; * . 
. 3 
. BW | L 4 4 , 
C 4 « 5 
4 7 by 2 
* — 
8 
of . p i 1 * 
— * 1 i= 
© we 4 
* dS . ; 
$1.5 g 
4 * 
£ — 
by —— — ante 
- 
» X - Y 5 c 2 
5 * - : 1 
1 Ys , : 0 
I 5 — 
* 10 7 ” 
— 
4 * 
1 IF: 
fas. BT 00 
: 5 * ; 
x . 
4 * z £ & % 
x o 
* * 
- „ * . 8 
rf x 1 * 8 25 
* T * — — * 
: Nt g 
” 
+ 
* | 4 * N 
: . 
* , 4 * 
4 x j * 
1 7 1 4 C : - 
” » 8 
x 
7 
Y * 8 n 7 
; ; 5 1 * 4% 
C : 
7 : 
« ry : 3 ; 
7 5 5 1 ; 
Þ " + 1 ”" 
” 1 
”— K 
2 7 
ſons 4 : 
re * 2 7 8 : 1 
55 "wr 4” . : 1 : 
1 = | 504 © $ ol 
3 a * 4 ! : 
re i p A i 
N 4 $ A 15 $ * 
4 4 Ld : — 2 4 
o Fa — 
* : 0 4 f e 
a 1 + . : * x 
5 : 925 1 oF + : $4 
8 . : s 
x I'S - 1 * 
| f f +. 
„ 
. 
” ; 5 XN. — 
N 2 i ; 3 » 
y : 8 © 4 95 ; 4 
8 9 : 
c $ 4 #53 7 5 2 6 
7 Y * N . 1 I 1 1 
2 * 1 2 4 9 1 
* ” Ka 
y 4 . ; - 2 
* | % g 
327 5 9 #7 a 3 8 Whey 
v . ” FIERY * * 4 , 
y,- , a _. 1 * 4 7 „ £ * * 4 5 
: 23 F 1 * 4 * 24 + > 
* , 7 Y 
SB Y 92 > 7 3 x $ 1 . : 
. n — ar p % kin Y 
ba N 5 of ; TY þ = - a : . 
: * 5 2 | : . "6 . 
© ” 75 i p F 7 
5 4 - * 
8 * N * + , N . 5 
> Gt 2 W "Oy — 4 * „ 79 1 2 22 * 
£ F — * — g | 5 
2 91 : g walls d 
[4 2 * RW ag 
. £ — + * I 4 * 3 * 
*% PIE: 4 x 
* 8 
F 2 $ 1 4 1 
% : 5 7 n 4 a 2 
” * J * * * 
A * * 5 8 4 \ . 
. 5 3 by : x 7 
2 FD y 4 q” : 
57A 5 of > E 1 — 2 1 
wy 5 - * * M * 
78 \ o O 2 
* + 
i 5 EE 8 4 
* — < * 2 2 
r / / / / r 
F ⁰ a A EL. eee LI. Ezx * ee . ̃ ¶ ↄ7? : ]⅛ —⁵D jd ĩ˙* . ³ w. — Tr ͤ—ͤoÄ!. 
* t . & Wert 12 "nt et eos ba > HORSES - 1 ap re \ 
A n n e ; Oo : K & g g g 
R 8 det OY £ I CHA 8 . 2 
- » * $ ih . 


i 


= 


. N ho 7 i 2 | 3 5 5 . 1 
endicular to the Myridian of aul. 


8 ** 
. N * * 4 N 2 8 
Y RE: 
» iy he * * p : 
o 1 1 
0 bo 


, 
= 1 8 
» 
S. 
4 0 5 : 
wo 
ky 2 
” 7 : 
# 
. 
: 
. * 
« [ 
* 
” 


. x 1 
1338 
* 4 
* Fo | 
7 , bs 7 
4 ; 
* * 
* 
* * 
A 
” © . » 
x Fulham x FOO ge, <> Wha 
. a D 
a * 
1 
1 — 
* . 
1 * * C 5 
1 ! » 2) F 
g 1 4 
- 3 * 
5 3 
5 
BA * 
* 2 4 - 
* 2 
. x 
> i F 
* yy LY 
on * % 
„ F ; I FR 
, + 2 * 
q * * 
i 
n & A 5 *. 4 
4 nf 
2 ks ; D 
L 
. ec 5 f N 4 * 15 — 
N. 757 + 8 
# 5 5 by *% 
& 4; R 
q % 
* \ 4 7 5 . * « 5 
1 # 
4 5 Do 4 35 6 
A: : 
* 
+ 


2 
8 


_ 


» 
* 
> 
8 5 
* 
— 
— 
” 2 . 3 
. 
7 f 
x TA 
» 0 1 
4 
> 
- 
* * 
7 
5 
« 
- 
* 
* 
8 * 
c : 
5 bi 
: 
P 
*+ 
by 
. : 
4.7 
1 
6 - 
- = 
4 
7 4. 2 2 4 - I q 5 ; 1 
e 16 tA te os er = —— — — — — — — 
e r . 
* A 7 3 
x 5 „ * . * & q * ; R 
ieee e 8 N ' 
. ; * F CO 1 
” a 4% - 
+ 4 * x . L p * pM: } . ö 
p b. 2 2 CA 42 * 1 FP * wy 8 * - 
2 e t "5 > A, t- 
1 h A . - O 
1 A ip 17 # \ * * a 
at +4 * * * 2&2 \ Y 4 N Fi 
. 5 $ 7 1 . 3 bye - - . . " 
' 2 VVV „„ OBI. eee eee OY eee 
7 "4 4 > " ra — 
- 4 * * IJ e, t *% : — a _ - oy 0 b K 
© : 4 : 
* . by 3% A 
* 55 g F 1 
- - ry e = » 0 + F 4 : 
r gr. * 8 5 = Oy | 
5 4 y * vg + 44 I 
& / ; . a "Bj 1 
2 x 5 * * 4 »4 * 1 * 
- — 4 i 3 4 N 
* DT vor BEE 0 i 3 c 2 5 
4 \ © | 12 4 2 4 
. * 
4 a4 ” * 4 g 8 
1 N 1 rS, wi 6 1 5 7 58 * 
> 5 4 yg * 1 g * . fo, 3 
d | 7 Q p 1 Nn #4 0 . 
e l 9 e ee, 
* 
0 - y 1 * 74 
- * 4 * 
< ; + i 
— » + 
{ » 
1 4 ' a 
N 8 : F - = 4 * 
8 * a 
N « 
. 5 
i 1 cy Re 
\ * . 
l 0 2 8 5 WILEY "#9 
” - g 
5 4 1 ; : 
— b 
4 a 7 
Þ * 1 4 
* 6 


o 
4 * 
£ 
» 
* 
1 5 8 
: 4 
LE 
> 49 
* 
* 
* 
7 
2 
4 a S4 
. « 
* 
* 
. 
_ 
* ww 


* 
q 
* 
Ty 
- 
. 


© Gian 


SF IS45 542+ ths * CLI + „* 
\ Se FR 
| * ws 1 


1 
e * e « 
* * 4 
* 
* ? — 
a a \ — a 
* 
* £ 
. 
* 
* 
7 * 4 
* 
* 
* 2 . 
N * 
* + 
. 
++ 
. o 0 
* 4 


„* 


Pr 


5 


* 


2 


F 
” 


3 

, * 

* 

1 

1 

8 

N * 

3 

* * 

by 

1 
5 4 


Fa 


_ 
— 


e * 0 
1 * 


er $* rau.. 4 


r 2 
y 


_ 


* * 
—— 8 


"IR 


* * 
„„ „„ „„. 


FULament 


[64 44 6 


a IO = * N 2s 1 4 
# * , . bs _ 
. wo: ; \ '© F * * 
* * » 3 2 , \ r ” 
. 4 4 3 4 - | þ ba 
id a 
n — 5 2 
* a ; 
* 
9 5 i 
* 
t * N Kr ; r 
„ ; A f 8 | 
ö 4 ; & 
Ne kN | . 
. * "* 
-* N % Ly — * 1 * 5 
* y . * ; . * Fi 
* | ” 4 G ' 
Fo yas = * 7 5 F 5 * 
** 4 ” ' 7 
2 f | i , 3 
** . \ 3 LIM 
* $ 0 
* 
” 4 \ | 
v x \ 2 : 
; J > 8 0 F , 1 
\ . » 2 \ . 
"in i . d 3 = 4 
» : ; . i 
0 L N : I 
* * * : 
L * 
; ; . 
+ 7 * 
0 #4 $ 1 
1 


* 
* 
US. ? 
0 4 * 
* * . . 5 
ü 4 : . 
4s Py * 5 ; 
T1 : ' 
. a z : : . 
I 5 i 
N. 
* 


* " 
\ 
# ; N ; 
* | 4 
7 p 5 
* 
2 88 7 8 * 
? * i * . * * 
* * a f : 
* 24 * 
; : | f 2 > ; 7 5 1 5 * * 
6 £ * 1 1 N 1 
. wa = I cap * 
5 — 5 % 1 \ a 
— . 8 \ 
8 6 | . ; : 
: . ' " ® 
ks 9 > 1 * * 2 5 . F 
F 6 x * 4 - 
* 1 * 5 
4 % 
, * 
. ® 5 5 
" — 
3 


o * y 2 
* — 2 or b 
2 „444 - 
** 


3 1 


RET —_— r 
. id. em — ce — — 


— 
WA 2 2 2 Ä 2 — 


— — . — — 
0-19 Cap IE — ona — 
A 7 — 


. — . —˙¹ af: 


— —— — — — — 
— „„ —— — — 


* * 


, ? . Y K . 8 oY * 8 4 © ASS 
N . —— ES 


N 3 > "I * een 4 * N * / 8 ; 8 * wy. 
J ew ELIE br 8 


. * "4 
— — , b une e - 

6553 4 ˙—ꝓ—ñ—ẽ— — | — - 

* N 517 E . 4 - oo 7 5 2 ; - 3 . wa * 
$3 ; : ly N P 2 & 
% þ ; 8 0 SS, 1 f 
/ : 792 n 5 5 
” 74 1 8 0 | : 


= 83 ES OS... 
— q 7 * 
p RR 5 


PPP 


=" 


: $5 E e wm % : k * 
4 * * >; % 
1 LS 0 . 8 
F 3 3 2 154 | | 
* 1 
- i : . \ * | | 
, : (1 ; , J ; 
* 
7 wa tf 4 8 
A * 5 © . 
F ; N ; 1 4 - : ” 
+ a 
& » 1 4 5 1 ; ** 
4 * 5 * i Y : 7 Fg *- i 
- * —_ - E * . 6 + * ry : . f 
. | A \ 2 * * N 
———_ 1 2 k 


MO oo — 4443S 
F ——— e ]⏑««—‚ es — — — — * — 


Scale o Sin Eng 


4 


— 


2 
6 LIE 4 
2 7 5 F\ by 
„ eh We 4 8 
: * 
A 


— 


. 
5 
Y 


— 


* 


4 : 
ti 
*k 


1 7 » 
it 4 : 

"> l 

S 7 * 4 a 

: . „ 
1 
14 
; 
; 4 


r 

n | 

— * * A * 5 OS 
en Mae L 


\ 4 — 
„„ 
3 * . 3 V 
6 b 5 8 * 4 * Ss 


TOE LE 


8 
4 ye 2 ae 
* 
- KEN , I NY, 
5 THE +2 W S 4” W FS, N My 2 * 
— . . 6 


* P 72 , > : * : : * ” \ ls 3 — M * 9 5 5 i 1 2 ' 
: 8 " | | EW ENS g f : 2+ 3 3 3 „ „ 
| : ö vm ; i * en I; ' 


- ———— Py = CCS 5 tA ARS 07 Q 
— * — — - A — 4 — — — — —— — —— —— 
—]ꝓKPX—— — — . — — S — rr tn — 0 EI ECG ES DELATIT 3 
- N 
— . . Kreer 


— . ³ w — ˙ꝛA - OE Its — ˙ m IR RA 


OE ama 


r 


——— — 


-o© 
A 
1 


223231 


r 


. 
e 


3 


liſh Miles. 


S 


0 


ix En 


: 


. # 1 p Fay * "7 SIE : ; 
4 - 81 - e 1 *. oh 4 Av 8 3 . - 1 5 * 
5 . * * ” Ms, 4 SH 7" Fa.” +... a, ov _—— ang 097 I 


— MN 8 
* * * 2 p Fl — 
N —4 
% * 


. 
p , ad 
VE £04 NE N abi a * 


—— C mY : Li Sha, 
| , ” * , RO , | A A 7 
; ' : a "x 2 | £ 1 
| | s 1 
: * * * i — Bi : & * : , K 
0 X g « - ay $ 3 7 5 
Ks , F 1 \ . 1 F. 'Y at 4 


„FFC PP ²⁵⁰A A ] ĩVv Ä no EE. r r TI AN nge 


Flos Trans. MDCCXCV. 


= 
— — 
— — 
; 0 


— 


ne 


o 
» \ - 
rn 


— 
o 


ad // I 
yl | 7 | 
| lj | 2 6 : ESE G 
SA 2 
. 7 | | j 


— 
ö { | BL, 
| 44 
{ 


WL 


ju WS 
Wi”, 


\\ 


mn 


— — 


— ww 


6 


6 0 
Will 


„ 


N 


e 


5 a ED * * 5 . % % x ö 0 44 


. . 5 oon AH. oculp* 


1 * P — — 
mn . Y 9 — - - 


* id * 
ag 1 * F 
WS» 
3 es 
WH. 
r £ 
- ; 
* -4\ SY < 1 N 7 - . 7 £ 
"FER * «x 170 10 K oy x 5 fe] or pe „ . J ? 5 N : q * . 75 N c F N 4 g ts 3 ö : | a . N ; 1 4 2 b vah k ds 8 ; . * . 2 a= N 
ns. oo, ND „ WEE is Rd EN Te as nab TY BEA Oe oe Sg 
f * X g 5 * - =_ » +4 | : bs * 


. — 62G8 hat P 1 SS _— _—-—_——_— — * 2 N ad. 4 * 1 4 . : I 5 * \ 4 , 7 
ng, a pF * ' . WE # = . J 0 e . 
1 2 . 25 d 7 4 * * 2 g. p 4 id . 4 — 1 1 4 > 3 ky . : f 6 * 8 5 5 , a 4 4 


x - » „ © '> Y 7 i; > 


; 4 Fed © W. 5 } 5 1 '* q * * 1 45 
e 6 IR | * 0 5 4 F . 25 n 8 527 5 r 18 N 7 
| iP 3 8383 os 6 : 5 * . 8 * : 
8 af; of * ] 5. 7 8: ( f fe * bn F 7 « - pt 
4 4 1 $ 1 „ TD Oe he 7s aL 1 FR % 5 3 1 : . * $309 ; 58 9 N ** 45 
ee * L 4 LE iet a Fls 34 oh} SP 2 of nl EE ß FT Fo, 
I = 1 F ; - , "% $9.85 [ : 7 * « 1 7 : 4 * 1 4 N 2 x . % 4 ; « * 2 
* * * 4 * 5 N 5 j * > 4 n : , * 
1 A e * - oi Be oy win, ax; - — . 4 0 5 4 LI 4 1 N - 
nase WR SRI FEET YR te ATI ITY Rey 4 a1 — — — — a — - n — — Wann wh 99 us ay — = * 
; Z ; 7 Ou 
: 4 e 1 « — * . 725 [ * 4 : * F a 
3 5 , x * 8 * $ 7 x $ A 4 
* | 8 | = 8 — 3 0 Why V Wo | | 10 ö 
* 8 5 ? 8 8 Kt $ * 5. +: 3 « 2 We of * 1 3 PAY \ Z be 4 
＋ x # l * 1 %.. : : * 9 . 2 . * * : N A * + 4 $ 
4 — 1 5 » 4 is < * 8 * "7 
p . — | . 1 We; Fe OR E457 5k 5 8 a . 
5 - 2 . * . — 1 * < as : 4 - 2 : 4 x 
. 4 4 p08 % L a r * 7 
* * GY 2 * N A 3 7 1 
4 4 *: % 6 \ * 2 ( 20 - is 5; $6.4 \ 1 S 2 * n 
3 % N o - 7 
. * % # P 4 2 h 0 * 4 S 3 * A o 
2 5 4 * 1 9 \ g 4 5 « ! : f | 
4 : 4 N . ; Y F : . | , 5 k j \ e 28 1 x T 5 
G 1 LES Vs n i 2 2 3 1 : A 5 : ; ” g | ; — 10 
— k To 9 * þ : 4 a ; 44 s 4 +» » © a 2 P * 
RNAS INES OW IS 
* 


3 — 1 — — M — — — MM 2 THI M 


; 2 n t 1140 181% "it Ab au 1 nit aj 
5 . 7 I. e ; in HA n 
3 | Fe HEHE n 
5 
— — Toke 4. N 
. 1717 7 it 111 : [ 121 o : * 
9 3 8 ; 
* ) * 
. * 
£ — 
i * wy p Ve 
. * 1 i : ; 
3 . ; | 8 ; nen e e WE 8 . a < MIO £5 9 
7 2 * : . * q „ G * : 5 =. 
- 7 F ; ; f "Rs 0 4 8 
* i e 55 Dae . | oY 8 | | I | | . 
$3155 2 : : : 5 . WO : * 8 (tt it < 4 . 
: * 0 x 7 WW : : . , FAG x . 1 : ö n 
i * . 5 * 
* * 1 
* * - ., 
y - 455 
* 2 
8 
I \ 
7 * 8 9 
VF. $9.5 a 
5 8 a : 
„ 2 & 
8 # Fa 4 4 2 * 5 
Pea — p 15.» 
- Se 3 
22 7 
4 1 
mY . 7 
: i886 
F WF: 1 
x 4 . 
. 1 » 
* 2 4 * 
De L 
» £ ; 3 
7 5 
1 £ 5 4 * ay i 2 5 2 - - 2 *: 
— — — : SO, OH@©cw=GOoCe. nꝛ— l os ꝑ ſ .-!!! ac aÞH}jo. c ww oa oi wo —— 2 — Ces acc oo —— — — —— ——O- - — —_——— -- 
' x . : x ” — 
* 5 „ . 0 4 
* * . * 4 $ 
* ry * « 
5 8 : 1 . 5 a 
7 * : * 
1 
1 4 
, # 15 * ” 
* = > - 
4 * " — * 
\ FS | © < f3 F 5 * — : 
. N OE, 1 . » : % 4 
} * * $ 
* 5 . L 
. a — 2 ; * c 4 # 
4 * ; % . 
* 4 Le 7 f 
2 * mY of * 4 - 
| * 5 TENG. N . 
o —— — 1 o 
— he 4 © vm 1 5 * » x > # # 
» * - * 
N * * 4 " * 
* — — — — 7 7 * 
7 5 * - a 
- = % 
= 1 «Mt q » 8 7 - 
& f % * * - + 
44 * x 8 N : E . 7 k 3 
4 : * 8 * * . . 5 1 $2 ; 
#7”, — Y 13 1 N 8 * 5 , F . „„ ” " P 
- . = * — 
8 75 ? ” . ? 5 F * * 4 » £ » . 
2 * x — , — 1 4 
8 N * 9 — 6 = N ” 
7 | % ; F 
po — » * ©-% %& * 0 * 1 
— * 
” * - vy 
. a 5 - 5 
2 . % - , & s 
\ * . * 
y 2 ” . — - 4 i — \ % 
” . 6 Fe = . 
* * « * 
4 * 7 
1 . # 
0 * * i 
. ff x A * y . : » ** 4 
* — 7 5 — 6 
* H 8 4 
4 ; . % 5 KF 
8 9 % " * * * * 
- 4 # = Js — 1 
© 3 4 0 
4 . * — 
* 4 * 
— 7 
, \ 3 N 8 3 
N — 8 , * 
* . 1 $ o 
8 : ; * 15 0 
: a * 4-4 
5 8 1 
&3 = n a > + 
N N 7 „ * 
5 : ) * ” 5 «* % 8 
A . > 
v * * — * * 
* 6 7 _ 
* 4 ” 7 
x : "4 ; 4 - 
5 4 - v 6 
4 - 2 ad \ A ' © * 2 * 
% : * 
. * * > 
*, — , * * 
* \ = $ L a . 6 * 5 
\ : #4 ” 5 * . 2 8 * * *: 
% . . ; 
. w 
* 
4 5 ; z 
p - £ — 
1 * 
: > 
1 * , bi 
1 0 * * 
Y * > 3% 4 # 4» * j 
* 
. 
X * . 9 — : Fg OF: 
4 1 k - _ * U 
a * ; 
- — * q : 4\ f i * 
. C1] . 
* . ; 8 » 
* * 5 4 
4 as * 4 1 8 — 4 
A « 7 £ % ey i . * 
— 1 ö 2 * 1 
— . % » - 
* * - 1 
5 4 » 
* 5 2 f I — 
80 \ N 41 2 3 — . 
* * ? 4 1 ; > * 
& : \ g * — 
. 
» ” 5 — ; 
7 4 4 * * 
* * 4 1 x - ” J — 
8 * * ; > * * 
d * 1 0 
£ Y 4 % 5-2 N 2 * 1 * 
4 3 # 
- * A 1 a x : * © * 7 
* y 5 . A * ; 
- " * : { — * 15 
4 * 2 * * 
a 1 ” . Fd # 
— 1 % * 1 ' 8 
. 9"; > * 
. | 
A - Wy jp > N 5 . 
# & — * 8 % 2 
* 8 » 
* 1 8 5 . j 
- I» f 4 
” * 
5 > _ 
* F o fl » 
. * * _ * 
. * v : Fs * 
* ” 
— - oh 
we 1 $ 6 * — A 3 4 
0 7 % £ 
. 4 = „ - 0 4 * 8 - - 
x ; 
* 1 N 
N . » \ q 5 1 * — 
Y 5 1 * n - 1 J 
* 0 * - % 4 ” * * n 
*% . 4 . 5 
1 - 4 8 F "I N 5 
N o 8 
BY ; 4 * 
5 - * ; £ * 8 > ; 5 * " \ 
. W 7 F 7 1 " 4 
N ® * 2 5 a 7 , o 
Y - : . * 
- 4 7 k * 8 
k - 5 
* # . 
— * 7 * - 5 
eg » 1 * * 
4 « " o 
* : 4 
” 4 5 
” * ** . - 
* 1 * * „ * 
5 * k 11 F k i 5 3 * 3 7 
f 5 n 7 7 ; ; 
* * 4 
— i. 
x > * ; — 95 * 
i : * 1 ) & 4 7 = £ 
* 4 . 3 8 _ — * 7 \ . : 7 
— : * % — * * 7 F 
* + -—_— — 
4 x " . , * 7 1 is 
. Ig 8 x ; w - 
4 : © * * PY . A as Z7 
. * ** * 
7 £3 - x * 
1 a= * 
N 1 * ” * 5 py y J 
. 5 by i * * 
” 9 * N 1 . 5 , 4 #''s 1 4 ” . 
* 4 r > 6 * _ + 
% * > + + 5 
* 5 eh 4 * EF " 
* ” - : 5 7 FX YG . A * 
* * + 4 Rwy 5 2 
13 Mx, — , 
1 * * - * \ * be 
7 ky * 4 ＋ 
— 2 = 1 * z ＋r z . 
— 9 14 * N % — 
—— * 1 5 ö g P 
- 8 1 * D y ol . * 
4 . ” 
% 4 * * 
. 7 . ff 1 x * : c , « 7 
— 1 f 7 1 10 4 4: f 3 IDE : 
: * * 4 G : j f 5 7 
4 4 . : * „ 4 
4 % * : * > « "> 5 Y; o 
* 7 — 
* 4 * R ® 4 * ! * 
85 { — 5 . * 4 , & 1 4 : * 
* c _ * 
* 4 1 . R \ 
7 - 
, 7 ” #3 * 277 15 Q 1 , 
a, ; F ; * py ' * £ 3 685 
>% " — * , 
* 7 * pay . K * 
. x8 z L U . a 4 
; . | 8 f * . fs 8 
7 f * ” Je? Ty p » : 
p 2 
ul x, * . 7 * 
« » — * E * 
DW. "IT, : | | OT ; ö 
* , 4 A Y : 7 - 
* * 8 = Ly 8 
1 © + 4 , ” 1 
6 4 "vx . OF * E py 
s 6 
2 * 1 4 o J * 1 
— * * - 
N * 2 1 1 7 # 1 
g o f [ 4 * * 4 * 1 
p l ö . 4 mw 4 
n nn 2 6 * n — — oats } . 4 0 oe | 2 3 5 * { * * / , 4 5 
: . by : , » : * 5 N * N 1 
„ Ne - 2 : * Y og 2 8 
" . 1 y 
y 74 ? * * * ax f 1 * jr 4 4 
#3 T * * * . * 5 — F ” 
4 : * a 1 9 4 . 1 5 & *% 4 
* a 2 Ky x » „ 1 Z 1 #5 4 aj * = 2 
x P « 4 * « 
8 : y 2 Is. 3 : N mn ” 1 1 k : 
7 7 1 fs 1 4 0 p 1 1 * 
28 3 - * 7 | * 1 F 4 * , 9 7 7 . « * A ? 4 4 
: « . 2 * 9 N 4 4 [ : 1 * » 5 4 s 
x 55 6 ” 4 £ Ss. : 1 y b 3 F: = 4 4 * N — * 
0 L 4 to b 8 0 * U 70 { . 4 » 72 . : 
x. \ L - \ * 7 9 % _ 1 8 5 } 
5 " * * 4 a : 5 : - 
1 1 * * . N 4 ; 7 5 £ 12 1 
1 f 2 , % a 1 7 * g 0 8 ve 7 - HEME II NS 22 ® | * 
A & 17 LL 2 8 Nr 4 7 * , U 
n * 12 EO N g yp / A "OY. : e * * 4 # P 2 . 25 70 > J , 10 ut ” : 9 $2; \ 7 
y G i i "k 4 ig tf we. 4 a 4 : * 2 4 9 4 8 T : 4 D 22 
* 3 * 17 1 * Vis nx ly 3 os « * a> _— + 4 * * * . 7 4 4 * Kc. A 5 oy o * * *« 4 1 r - 
* N * 5 o 
— * „ 
@ . a , 6 
1 1 o ? : : & 1 * 7 
A 4 \ 8 x 5 4 % o N ** 4 * 
1 ; „ 1 % 5 1 þ > 
7 — $4 7 2 
# 1 J * 4 8 
_ 
ap Le 1 2 2 2 7 Js 1 1 
r / e c ere . r e e eee eee 
2 r BY OBS RUDE Bey: eat 
2 : bu , 7 7 
17 >, s 2 1 — 5 
. * £ 
f 5 RN & SW. 
\ * ** 
i - W 
: 5: * 
* F 
4 SY 
7 * or * ER 
4 ? a ; 
4 : 
* 14 * 
85 N 4 85 * 3 
1 k A 7 2 - 
7 > 
1 1 ? 
A Nun 7 2 


ta) i nnn RTNY 
f 5 be * N N 
1 ; 
* ; : ie ed. Ei 17 N 
1 4 9 5 
< * TM; * d. * 7 9 
"x : r 
0 | N NO 
. oy * * 8 
; * NETS N 
* — N - : f] = 
. | 5 5 : 9 n * 2 
* « 1 x * N ; i 
p "RK 8 , 4 R 55 
E . . a 4 Vacs this of : 
* : ; 5 xp | N 15 
4 $4,/ 
, - — 5 $548 & <4 88 * wh x? Þ 
: a Fed 1 ly 3 T % . 0 ; FOES *. 7 7 bo 1 « 1 1 
\ * * . >. # 7 5 * * 8 > [ £ ih y * 54 ng W. r 83 * 77 1 7 vv . EE, x n f N 
4 * 8 1 42 TEE N. I : 4 r N + 463-1 +. * {ie « »T% 5 \ p 9 7 
— N 5 5 : iy > {4 
* — 1 an * 2 — 6 * * „ 9 ” 2 4 
0 7 
- * \ 2 — 
** - * * 
oy - : : s 
* * * J N v4 2 
+ 5 3 { x . 8 , 
N N At 


* ; * . + * * 7 4 
+ 7 4 2 oy 
* 5 * N . * * GI l 
4 A 1 J F : = * 1 ©, Fw * d 
7 , wo 4 he 4 0 Fe 
. Le 7 * A 8 Y 
4 - i 1 1 1 <3 
« a y 
1 L 2 


: 


MMT maten nnn N r 
Swann | 


eee RN We 


be *; 1 * — 
TY, j 
8 8 þ "SF : ae 
230 1. 
8 5 | | N 
* 4 4 £ 7 5 
2 1 — 1 «2 = : 
£ RG 4 r 1 * . 
I £ y 8 
1 "A ; ; 8 
>; : * 8 X 
* 4 4 4 * + * 
8 {> 5 
7 * — "1 WG 
* $ 2 * 
4 2 ; o 
* Wo * 2 2 
— ** 4 q = 2 
” 18 by 25 5 ? * £ * % — f 
*. 8 . 
57 
* 2 8 7 8 1 * * 
_— j 
* . — * 2 * 
* . . + 6 
wad h > Dos it 
83 * s 
325 N = ty 
. Eh, 1 
4 "2 1 
2 ; 4 © 2 8 


«ol * 
APES, he 
a % 


F 0 4 £ ” : X 1 — 8 22 X , Ne x; * : p N Y 
* - of 7 < 4 5 f - 5 % 4 of « * 
£ wy 4 2 E 2s * p 1 Lad . \D 5 | 1 . . 5 
3 1 : 3 « FJ ; \ . 


5 * ” ? 
* * By - : 2 — 1 . 4 7 . 4 2 1 2 wr Re : : 1 8 2 N 5 
— — — CS —Oe- — — WE — — — —— — l | : — —— — Po RT OO —— — — — + — ——ũä—— 2 — — . —— — — a 0 8 — — 1 6 
5 PRE 2 8 5 z 2 N 4 W- = I MW 8 3 3 ; L i f 1 S Ba ph a K = x g ; £ 
7 *. — PN 13 : . * * FE * n ; 9 fa : +4 1 , Aud 3h PP I wks ? N 8 
; 8 1 18 — V; | ö J 11 oO 1 ng 
a 3 6 : , 8 5 FA 8 5 8 of o » * # 4 : ; 3% : ” 8 : p 2 : NY » ; . of 7 8 
f 7 LY * 6 3 \ oY ; * 3 7 , 5 N 8 N * « Ne. : #/ * : 8 - os JEL ; "* * (ot - =: # | "4 
a e 8 : 1 1 8 1 1 I 
- *% „ F 2 os 3 & J 3 
5 ? A i 0 N : F >» 0 1 
* % ; 4 8 . . my — * 13 f ; as 2 
8 p b 5 n , G N ' , LS y q 4 
$I © of * 8 * ** 8 a * * \ s : 5 . ; f 1 + 
7 — . —......... WANG 4 ; ; N D i 9 N 5 Lt 4 25 ** 7 br. 5 ” * 5 
4 = te ::: Aae — : e * ; 5 ” 8 4 1 3 vt; 4 . 's . „ * 
| r „ ER ET ER 
8 . t 12 , 4 RN 
p 2 # 2 Ting WT —— a a L 4 q w ; 5 <> : 5 55 . I 1 i 
K 1 1 T . 3 : 2 £ 8 ＋ 1 ” 4 . ö - by : . 5 
k * I 5 — — ">. £ . f . * I 9 J : [2 * * 
ELEVATION of be 4 End of the PLANK (C 
. ont a i ; N — — . ———ññññ̃ ̃ ͤů-ͤ —j — ——— — | £% Y l 87 8 iy Ie 4 1 I 8 X 
0 P ˙ nn el ¹˙i dq mn , a 7 7 * 8 5 . 
p - * —ä— —— — —————— ——— A He Sz | — 2 — Abs . ; 1 % 2 t 1 > 
777 UMM CEE OS * ? * 2 I > \ 
: 1 „ ³˙AAA ⁵⁵T ⁶ j . # 4 8 5 * Wo 11 * 
7 — e 1 
* * * 7 1 —. ̃ —.. . — 1 Av &F * ky ” 
% : * Z * 2 Cf * x 
8 K—»—ñßx, ð §ſyß——:?: ——— ͤ V——— — 1 * 6 7 
» *. — 3 7 33 Y 2 
\ I [ | „ e 
9 1 p , v 1 4 
55 | 8 — TITS 9 11 
— — 0 8 >% | | 7 7 3 .* : 6 
2 n . 1 j 44 7 . 
p 4 A it ll * 5 K 5 | 4 ; — 1 
| | it N 3 29 
1 * XK 1 try ; 3 ; ö $ . 
<4 F ' 1 — , ; 
7 x I! | 4 I 1 F 8 , * : 
* HG f i} 11 7 > F + . RW” 3 8 0 '> jp 
*%IF 1 ** q » - 7 1 
. : 2 I} 1 ST * — ö Fx * 1 x WY : 
© > * * ; N 2 1 * " i 
N 2 1 i 1 2 5 8 2 un Ft . » ” A 
* . * * 5 : j =, * — 1 
N ; it ii] : . 33 
o — * 4 : itt " - de * NJ # 1 N y J 
7 * it! ! 5 £ 1 . 15 5 
5 if | |; | * EG . 
A 1 it : 5 * 9 1 
; , | 1 x * bh: ; . | 
Ty * 1 4 i] 1 . 5 % * 3 ; 4 
. | It if HO LA . N 5 
4 * E Jy TH N wh 
* 8 n 1 it} A & 11 a 
i - 0 nb 
= 'Þ th iff Y f 
* > io 3 * 
y : | li | „„ , - 
* ? 1 | | v4 = 85 „ * 8 
2 vs ih 4 £ k fe ; : $ 
4! 111 PE; 7 3 2 * 1 . W 
Ii 1 1 1 1 
* - , : . * * 8 2 f F o 
: | 2 5 i a | 6 
3 . A { | 1 N me 18 755 $ + 3 — 
\ A th z 7 n » 
; — [ 1 ? a of * * ” F þ js k 
| RE 8 Eg | Ft: 
' . » L * \ 
» ” * a % * [4 i b 5& „ 
7 # 1 gf 5 | [ 1 ? — N . 7 1 2 N FAY 1 
* % n lj g 4 — 1 
, it $ 25 — * 2 * 
is "th : 1 2 * 5 o 
f | x 4 * * D k xz 1 a 
5 29 | 4 j 8 — * ; 19 
' 1 ” | by * * 9 G £ - — s 
7 oO 4 * : it it : 7 A 7 F 7 7 
Ll , I » ” | 77 ff 
| | FM 3 — 39 . 
* 5 1 [ f deer, ; 3% 25 
: — 7 "% „ . 
; | if 1 5 * 3 £ 1 2 2 us; : * 4 8 4 
8 " | 14 i 5 - 82 A * ** f q 2 * = 
| 1 7 n | 5 | „ 
5 e 4 8 x (1 8 ** F n ; 7 3 5 5 117 2 * A * 
* A x ir I 3 ©- : 4 » 
2 | | M 5 KA IX qe 
* P : 4 A 7 $5: 5 
7 * 5 . 1 4 7 1 ** | . 4 
5 1 it * 1 5 
* 5 4 it 1 — v9 F 
by 1! | I 3 , . 
1 Ii ' FF + * 
. 5 1 5 153 Me 3 -< 
% 7 * 1 1 * 1 8 ? o * N A 
7 N { . pg 'S. ſr * 4 2 75 
c # , * 
- Fe 2 F; 1 1 | N N > N 4 ak * % * 7 
- * 3 x * rl 
FX TIE N \ CN 0 . 5 4 4 1 4 5 
I T - ! 11 N ! | 9 5 12 #4 — 4 
. 1 | it! 3 . ; 
8 j on ; y 2 8 12 80 
* XS * i | * > . 
— : ; 4 . * 
* . — — : f vo 1 
E 50 * — i [ 3 5 
; ' | i ; 
* * is 4 ! * 
25 1 « i? 1 4 * 
* en * . U 14 * 1 * 
1 ' * i 
4 if i 
-xF % 1 1111 
* 7 * ” v 1 FILE & * 4 * + 
, 6 | 25 0 3 e 
29 * . [| * Z ind 4 x : 
41 - 5 
2 *th 1 * . 
N { | ? \ , 3 
- . 93 i 1a 2 
| . — 2 * 
; | | ; SPN 
Ms [1 1 1 > 4 2 2 — 
STM | | : . 8 
! : * 5 ; . 
2 | N [ | #1 4 ; . # 
9 
} . f 
i Bs 
Þ | BL I Re Fo 
5 [ 4 N 
N 1 7 
y : : N 1 + tA L 
* 1 f x p : . 3 2 * 
Table of the Treisel | | LEE 
1 - * : 4 — * j 
% 5 N Ns : 7 1 


once ̃ ͤ—ßʒi⁊ . ̃ . . . p . .. — ————— 2 — 


a " n ” , CP 1 — — 2 — * — 4 ee 
2 * \ 


18 
= N oy we 4 
: N 1 5 . 
7 7 *. 5 hb q * 1 
— . s . 7 * "1 » :, : wo , * 
F 7 . x 5 2 7 u a b Te F * » 
"> * + - 5 - = .- ® : - | Tis = * « 4 „ C*Y 
5 4 « | : #, - ; F n 0 ) „ g 1 


* 
n * 
; | 3 
N WS * 
2 as 
1 5 i g 4 ' : 
IJ 1 70 . 


L ak. agg in — the 


F NANA 


. © * * 


A am Mn FEEDS — | 


[= l 


Mn Wall „ e 


Wii 3 


. 10 


ey, +. - C 2 
$ Wes ED 3 2 n 
. 
4 


jjCCCGͥ00 ˙ 
— * x + 2 
ö 5 
1 5 5 3 
I 57 g 4 . 
5 == 4 | : 218 
S End of the PLANK |} Co SA ge ds 
| EE mmm — 2:38 8 75 . 
| | > 85 5 [xe | % 
[ ! bes 
| i * — 5 2 | 12 * 
| 4 ; 5 „ 85 | 
il >: „ 2 
jl 1 : % x 
i {| : 1 192 77 0 
Gil 48 n 4 N 
1 1 5 : | 
i J fy: * 
[i a ; ; - 
( 1 ; - 
ih . 'f Yo 
; 74 | | 0 935 
a | 4 
" | 9 5 as 
j ll ty 
U i r — 4 
Ill | 't 
Ui Il. . 5 
al | 135 | 
| 111 — [| * gp 1 ; 
bt 111 : | ? 
b [| It , 
( | N 
; ll 210 
; lf if 
| v { | 3 
lf 5 on b F $K: 2 . 
i 15 . 6 
5 8 : 
ö . p K „ 
14 | | 
| * 
i wo 
i ; 
j Hilla * tt wo 
g * bs 
Ki i 55 . 44 1 8 
"i i 125 8 
li il 1 . 
ll TL ö „„ 5 
| ll \þ \ 
| if | 
it! 4 wh 
| { 
- ot 0 l 
bo 
N 
| 
| 
{ 
l li 
of the Trefſsel. : 


Y F obs ante ii Ah, * 2 — a 
72 — . Bs MLS Ar I Pr ERS SI. 2/73 wor ee ee 3, DH A Ao i ORE ARES ach * 
* * 1 * 4 0 As 
* 


. * 
wo * Y 
7 ' + 
. * ff a 
*- 2 N 15 
* 8 $ ag" * 25 4 
A 1 4 
> ; 
J * 2 5 W . 7 
DR. 6 Ds $9 
. : 08 is In * 
, # > 85 * 9868 1 oo. e PSs 5 1 N 1 4 2 5 e . 0 k : * , * 
A, 3.984 ; | * "FN, F AE A 2 4 * * A . 1 * L «> : 27 8 1 * a Fr, 1 5 oY N TR 5 7 TY 
3 4 1 L > ' 2 X 3 . LINK 2 7 > of LP 1 * 2 * 55 W 1 E's > BY 2 , 8 bt ws PENS OLD f 
4 , : 3 8 £ 6 : , | * * 2 2.007 AE 1 S 8 15 * e * IS 2 64 : ＋ 
4 : "3." F837) a 2 2 * 8 . n « n 1 5 "oe. whore Wh, Ie” 
, 5 9 3 4 : : 8 : 1 4 * 
2 ? : * 0 5 * 4 x $2; 8 - 7 6 | Mu 


4 ant ets 
* 


> 2s 
7 
* 


R 


Dade e 


a 
£ 2 
4 | 
** « 4 : 
Ve 3 , 
3 E- : 
; F< = 2 i | 
f 2 A is 
x „ 
5 * a 
er ; 
1 * ; 
— "AJ 2 
CE 4 2 | 
* 2 | 
1 s 5 
a * 
— 9 — | 
2 BA 1 
4 3 ; 
* 1 . 
28 
F | : 
9. pe” ' | 
_— 2 : 
We 7 
© N A 
= Z 
a N 
Es — 
| * 
* ! 
Fm 
*% : 
2 : 
> ; . - 
+ * > 
W 2 | | 
2 — 7 
7 : 3 
* * G 
— 4 
- | 
: — 
; 5 
+ 
525 6 
| > * - 
xt 
"434 2 | 
4 - 
.% 77 , | 
N : 
F4 3 : 
— * 5 | 
1 = 2 
* 
4 » 2 
. 5 1 - | 
* X > 
* 9 : | | : 
* 7 N | | 
. WE 
5 
Tz” 5 
5 | 
* 
: a = * 
2 ; 
* = 
, 4 5 | 
| = 
s , | | 
* 
- 
; | - 
8 1 8 
$4 : 
f 5 
; 
* ; ; 
- * 5 : 
%.+ . 
LY 
©, | 
ö , 
py | 
* 
— — 
q * 
a . o 
* - 
* 
* 0 
= * : 
- 
I 1 7 
* os a 
* 
| 5 - 
1 
* 7 | 
” 
, 
; £ 1 
* 
Ls : : 
4 | 
cs 
5 | | 
＋ 
4 * : 
2 I 
4 5 
F 
i a 
a f 7 2 
9 | 
. Sg 
2 
FP * 
; * 
2 ; 
* . 


P 
7 * 
: a 8 , Ry 4 4 * 5 
* 3 1 N I } 5 
8 4 
9 4 
BY 
* 
« I - — 5 N 
. 1 . * = WA CONE 
jou 9 | | 
x 
* 
* - 


* a * p & 
: — *. 
A : : . E ; 
2 "ES . £ a £ 
Leg — 2 * ous ih " 
A 3 
” £ * 8 


% 


1 


4 * 4.4 bs 
* " 


: Py . 
pu err _— — — 


fn” * 
— , — IIs. 2: 3 — 
4 


WA N J FR 8 4 * 4 3 „ 
Ae . „ * ; 


- WN — — * 
wi WAP ESE - 3 a; Tn” 


3 * ? L R * 

13 1 Bud 4 22 7 fy 7 
2:4 ; . ** 7 25 by 85 * DJ * bt 3 ak N - M4 * FS 4 ba 1: 5 2 
CCC 


1 - ' 758 ; ? | : 5 Ss A | 


7 
* 


1 
"a 


1 PEE 


oS 


- 


* 


ado”: LI * 
ede 


* 


ne 


% k 7 + * 2 . 
20, * WM) W 


„ 


1 


e ee 
18 * 9 
* N 


+ * 


* 


— 
1 - 
- 


ere Ag ITE eee PART e eee eee 


ea 


« 
* 
— 
* 
* — 
mens e FE 
* 
* 
* 
1 
* 
5 
. 
= 
4 
— 
> 


' | 3 3 * 
f 83 15 8 ' | En TR"; © rn a e 5 3 * ae 0 


: 5 . : . N PA 1 5 5 * i 4 f Tag 8 > 1 


- 
» 
- 
* 
o 
: 
- 
* 
C 
. 
* 
* 
2 
* 


o 
— 


* 1 „ 


— 
. 
5 
» 
* N 
: 
* 
. 
* 
4 
4 


1 . F 314 HOLY * „ 1 FRE, e Hue ; It ET. 
: 8 2 7 1 2 3 A n 3 ; . 247 * . . f 0 i 9 & 6 : 7 ; 1 
< : : \ * * PF 2 


3 1 0 r i 1 * n ö 5 5 i r * bs . 5 


2 


— 
oy 
7 
* 
1 


4 
2 
* 
* 
1 
” 
- 
, 
. 
ef LY 
4 
: 
7 
. 
2 
, 
" 
2 
iy 
. 


* 
. 
IF 


8 : 
* * * 1 | N * 7 y ; * 7 
: . . : * 7 7 * b * 5 5 : 1 p . 6 ; | * p 1 4 - + 1 4 x f * ; EF 5 # * 
> WOT uy OT ee? EY %%%. on WER „ FR 
, | 15 93 4 * n ATA ö . * * 1 J 137 7 I 1 4 - $f 045 X 1 4 : * ſe 2 x ( 
5 : N * * 7 > # * . 3 + * $244 A „ anti 4 * * r q / * 1 * > ; ; F 0 ' * * * . , 1 f 4 47 
g . +50 8 5, *: BY 9 ; by AO SHY / YEA... : $ | 5 | ; | | ; 705. 1 : . N 5 
— . * 1 * 7 a * . . W WW 4 L 2 p C J 53 : £ 1 54 1 * 7 - 
: " k * 4 : 4 . 4 . 8 - 1 1 = ; * 4 * . : _ 5 
of k — 10 8 * * 5 bx þ * g _— ; IS. L 8 $ 4 
: 4 8. 1 4 1 1 N * . } I 8 * * 
® Ll * Y + 8 55 bes \ » 1 8 . * 4 4 * , 7 f * : * ” 4 * — 
8 . | 1 , + * 
. 3 * * 1 : , % 7 x " 4 . of 45 + _ P | 
X * N 5 * x 1 — * 5 4 : x 2 
ö : * £# *5 n - : 7 ; " ? " 4; 5 x 
3 — ; bY 4 5 4 4 * 2 : ; - ” if 4 0 \ s ; 4 1 { 5 3 2 5 2 9 : + * S Py o 4 1 
i „„ ; : 498 Neb nr 3 ; + CESS, , PE „ 8 # 
» 1 « Is, . - * % y * £ * 1 7 
. : - ys 3 , 2 t 8 I F , » . 7 L 4 - K g 4 & : ; F - £ 8 - A a FA 8 
n . 2 ; 8 8 — 4 ; ; * - . : . 4 85 | 
4.34 3 4 , - A 
a : * 1 4 N 4 Fi - * . of - o + ” - » 
£35 £ ö F [2 
+ 
4 
- 


* 
* 
$ 
> 
: 


n 
2. 
* 

8 

— 

4 

. 
# 
* 


„ 
. 


y - * of 4 . * * 
5 - N . 0 : * . i x WS * uf 4 . 
7 w : 1. 8 , $ F , 2 # th ** % 
ky % % ee” N 4 g ” : ? % » ” N 
4 o , - 4 7 * 8 — Ke * 1 . Fn . 0 k = | "© 1 : 
& a 7 : AP. d % 5 e 5 * \\ Ai MSN ; . I Wo of : y 8 1 
1 t - , F ; of 8 . \ 1 2 « 1 . 
. f , 2 ; r WWW e 7 . 
a ” 5 g " , N 3 * Av. %.” l * 7 8 4 2 1 Y L - : * 1 
4 # L ws # . : ” 4 2 Er. * * * % 3 ? * 0 & " > * 
4 * * 1 2 * 7 > 7 * 1 * - 2 * x q . 7 — % > 2 z © 
3 4 . x os 4 ; . 4 : 7 . . . . . > 1 x; #& ' * ; : 
L : * : oy 2 1 s ” £ . 
» : is a 4 % : 
£ A * ro | , 7 4 
” 4 _ * - 
% oF * - - 1 * 
} F « « 
* * 3 x ” pe k ” 
* * 4 w * * * o 
7 E x : 2 PR . F 3% — 
a . — * * * 40 * — 
0 * 45 FE, 3 % 
4 * ot * 
* 5 * : 1 4& % by 
— 1 ; 
* 1 o * 3 5 * 2 
6 . 1 ” « 
+ 1 * 
> i , i * 4 „ 
x La _ Is — # 1 
* 4 * * N - * 1 
+ \ 
F ; 0 
- * * © 
0 4 4 — 
- * 4 * * 3, „ * \ 3; 
* F 1 4 
” . 1 1 ” ” 8 by 
- . * * * 4 . 
«- > * - 
7 * * + . 
* * 1 » 1 % Py A „ * 4 " p 
- * » ” * * 
A . * x 
* 1 x 5 1 3 . 
* — CY * 
5 4 : — 
5 « 
I . = \ * 1 % 


+ 
* 
" - 4 £ * > F N 1 
5 


o 4 — 5 d. £ 5 > * , 1 * \ « 4 0 > 
. s . „ $ $ 4 * 4 : { 6 N. 28 . 2 20G 
£ 3 ; q F fo x, 8 + i#: £ i 
» s 8 3 p F . ” 5 * - A 
* - : % 0 1 Ka 
= a Fe . FE „ : is * > 
8 2 ' 0 & . 5 * * : . , P : l " 
4 y " N * 1 : « « f . x * , 
p ga. . R 5 2 * a 2 ? . 55 1 : : ; r Wy 
2 . k, » - . 1 pens d e 8 8 " RPE TL, 
1 4 . : « * * *% a OF» a 
. * 3 * . %. * 4 
4 & W X F F 5 c . 7 - 
: F $M \ 10 a9 * HE : : 
. * , - ? * . 
- 5 ? OR. Nr * 4 


a] : 5 8 a ; : : 1 * 2 2 ; 
: , 5 5 3 ö 1 NN. * Nr : k ö 8 
F -#4 * 5 FE \ 


4 1100 ME. 


— 


1 . - 3 - "IP... 


; * 
W * Y \%: . by 5 : ; b 2 
; DN Len 
' * 0 . 8 * «I 
/ 5 0 : 


| | | * bh * | & 8 | Ss mod 


* 


y 0 0 8 8 ” 
1 < * " 1 


= ob Þ* 479 4 x\ 7 
| o 1 1 B "YG N 


4 


wks «+ * 


| 0 7 | 
Hl A SN x 8 i W N : 1 . 
——ͤ A —-— — . 


7 4 . 3 5 L by rw 
1 — * / $ F | BJ : - & 2 N 4 = 3 * 
0 — * ”—_ 7 $i dip 
Bo 0 \ F- . ge 1 \ y > 4 . 1 N 1 . 
» : : 1 Y CF. 4 ; : 655» * 5 55 5 ) 3 b oy 5 
» e ” ; -, N : * « ** 
Pd F, : N : þ . a F 4 1 — o LITE £ * ? \ 7 : WY — 4 : ve * * 
vr / . 1 — JAY = — — IA a ? . 7 ' ; : „ 22 dd ESI - a N N ; 14 5 8 
y F * ö 8 K o 5 7 — 4 \ ” 0 7 | 7 > p 4 Fo, 4 3 ; HOT" 8 *. ” „ 
Fi #4 5 * * "> uy 4 E ! F . 14 4 0 8 8 1 
2 7 . IS . D 8 4 : ; | > [ ; : : a 4 — 
0 AR . . — 
*. 
* 8 
$ 1 0 4 ” 1 18 x p . * - 
. . „ 1 2 4 Y — N 8 *%. * wh * LF 12 
be 5 N a 12 2 Los..." 4 a N * . NY, 3-6 KK, «4 1 1 8 7 . 5 4 : 
4 PRE =\4 ; ha '# 2» [7 4 * 1 yy 7 2 4 5 5. 2 * WE. "I" * 4 . pt hop „ : » ” — * — 
3. p N 0 5 % 2 5 1 7 2 % 7 0 1 fo . * 
* * 8 - 1 " C 5 . : . th ; 4 l 4g 2 1 8 * * ' * * 1 2 IF N 0 60 8 „ FN 
2 I ” N * „* 7 an b y N " * , > * q 5 ts >; * « #3 2 5 : 4 3 5 £ 8 N 9 4 
% £ os 2 1 8 * 2 1 a 150 * } ? 4 W F IA e Way M4 8 5 3 W - 2 "A 8 22323 Wann N Ne 9 9 . F 
LE ETD nad vv {her 1 wo 4444 rr 40 * 4 x £2 — e e e N. „ 00. 24 3 P * 23 — 3 31 e ee ne. 1 1 N 5 
* x Ga ha , Worms y Ws 4 3 bs my 
« 7 2 * 5 A * 7 ©. «at o — * — 
. Bo i "NOK. % = , | £ 


—. 4 * * - 
»” * s 2 o * 1 * 
4 A * 
L 
* 
3 * * * 
5 EY : [ & \ $0 0 
wh * 
þ * — * * 
4 * 5 ; 
: - 4 * 
o F 4 3 * I Ate * e * * 
1 1 ” 3 F of Y þ 
» 5 * 
* 4 . (PEE * 
? 4 3 a + Wee 1 
Ms Eee 3 . N 5 
; 1 * 4 8 * * * F 5 25 * wer z . 
j 5 . Ken I 2 ” 
S n 7 5 
3 # Ks 8 _ 4 
. 3 8 5 OF. 
* A rr * PEST; f r C 4 $. 


—— — 


— 


* 


de OW 
* 


* * - px £ « 
2 xy . 6 F % ” E 1 8 
s o x A » 
2 „ P þ AY 
* - #26 v1 


4— 


» 
"4 
i 
=- 
* 
- 
= 
* 
ir 
4 


* 
* 


= ny : 8 f 1 NN v * F 
* o — * "4, 43 1 5 ty FEY 
- on t * o S308. | 8 
| $ : * — 4 
$9 4 : * ** 
Oat hy 
N * Ks . J 
29490 FS $I s 
© — — — +. 2 
"BY * 7 ——— ů ů ů cow N 
* 77 
N . e 
5 > " ; N i ; 
*>. - — 
Rp hy - 8 * 
0 . : : ; 
Fl hs, # a * 
| Re ' 
— 8 Rds; ee . £3 
. * 
J n ä * 


Ds 9 


* 


LE 
——— 3 ed 


+ 
4 
* : 9 
* 
— 
* 
: 
7; 
. 
7 * 4 
1 
oy 
1 


* R N R S N * 1 8 3 . , * N j * 1 y L 


i 7 
* * = 
4 PE" £ 
v4 : 
by 4 3 2 * . 
4 * 
+ * K q ia : 1 
F, > 8 8 a 42 
5; SY Þ * 2 
4 * 4 = 
$2 * 
wn Py 4 - » 
. : * , 
8 n o 
* 
T * d wy * 
x + 
— 


eee 10 . * it k N, ; o 4 


489 9 THAT > F b. 5 a E. 
„ bg * N : TRE! M 1 A 


<> 
2 


ws WA. 
* 8 * * 
1 
* \ F } 4 : 5 


4 * 1 
n . 
2ü — 90 * 


bY by bp 
4 * [+4 . 7 « p * y * l 5 


a 


- 
\ 
# 
t 
* 
4 
* 
% 
- 
- 
. 
# 


7 
e E247 
, 
* 


r 


F 


—. 


. 


* 
* 
8 


7 * 
ad 44, 
a 


* 


0 


— 


r 


re 


232332 


— 2 9 


r 


FN 


— — 


———ä—ͤ 2 — 


— 


1 « 5 
* * £ . * — : . 5 S 
? 5 & 9980 bs, + 1” ts Ih, Lo © : 
ww "T4. 6 x — A - 
f * 3 E 
4 e — F. * S — 


3 
4:88 6:5" 


— 


brat 7 noe Ay 


CC 


9 


4 * 


2 
GETTIN hola 
N 4 "> ey 
, 


1. 


* Ih 
e 


£ 


r 


> 


APA Wh ae2; ip ts © 


+ 


2 


* 3 8 
"4 
rr PP — r — e | 
* 
I. 

* 

» F# 
* 

K's 


2 


1 


+ 
1 


F _ 
4 . 
REES £ * * 
1 > A N ; 
* 4 1 1 4 
1 0 3 
4 1 Fe : 2 — 
7 7 5 ” * E 
" 4 ” * 
L _ 5 41 * * 
1 5 | 
I, . EY 
<A 1 *. « * _ 
- * 
Q es < N 
4 þ 4 2.8 8 - a 
* * SQ 2 Fes * 
8 £ K 3 - 2 
. OG oy A 
* , A 
7 . * " 6 * 
« 7 Tj» 


Pr 
Xx 
EE 
4 


* 


rr 


= 


- 


ny 


4 
r 
N 
n 


- 
ry 


* 
7 


* 


hs . 
Yo I eee 
* 


* 
” 

— 
· 


— 
— — 


> 


N 
7 g N 8 [i þ p Be: 
„ A 1 . 
* 15 a * - 5 * * 4 
— — 5 25 % . 1 * — 5 
8 +0 hey. 2 : 2 * 9 
* i 1 4 * * 88 Fs 2 
| 3 8 
— * , 
5 8 3 ö ; 5 at 
133 1 EY 
C Fl \ 5 
% { : J 7 
5 ö 0 ; 
7 * 4 
: 


* - 
* 
* 
* 
* 
* 
d 1 
. ee ee rn ny 
* 
” 
* 
— 


r 
R * 


* 


2 
2 4 5 
- g — - * % : „ * 
N 8 2 \ * 4 at 9 
5 7 : 5 G 7 = * x as 
% az x * 2 
* 1 % 5 <8 7 * 2 
1 * 4 
4 8 on 2 
4 $ 0 4 % 4 4 : + 
5 OR - » 
: 3 5 
Y x 
A - N > * on 7 
0 Natl 


» 8 8 71 
» * . * . » 
A a . 8 ö 4 
4 . o of : * 
, k - y , PO 
A 4 3 * oy 1 — * 
4 * Y 
7 * A " . * : 
& : 7 x * 
v; 8 , s 92 
o — e . 1 ” 4 bs 
% 4 * 
4 5 
, —— 
a . * N 
* 8 ® * ; \ 
. 
= * 2 7 2 
1 1 , 
©" Wh - a 
A + 8 4 . n 
- - * : 
. = 
J 2 2 1 4 & 
d . . * * 0 z 
» * 7 2 < 
"4 2 , 1 
5 83 0 . > . * ho 
n q 
- 4 * * Py * 
N . * — 0 
= 2 x 1 7 9 c 6 
*. A — * 
4 125 , p < 
- 4 ' 2 0 5 * © + 
«". F f * x 7 
7 20 * 8 Y * ” F 5 8 
fav, * 
* ec ” * 2 
A bs e Fo : 3 
9 * 2 1 7 4 | „ - pe, j ; f y ” 
+ 2 - . * — , KL 


i ; / . * 
8 X 4 * 8 

* 5 * ” 1 * 

q A Ye p 3 : a „ * ; ay #-%, 
7 N % 4 8 * Y : ** — x * 

6 * : : g * :+ c » 

\ * 7 Ne . ” 
% « * 1 4 
1 fy i N < =o * 0 , . 4 

4 N 7 1 } 1 — L 
| 4 6 
27 * : x * | o 5 1 y : a 


Py * : * * 
4 : - : 
,. IE) . 4 D G >: 2 «3! 
— * "3 Ne eee 2 4. . * 5 —— - > uy 
2 / 
l 3 5 . N 
8 5 8 : N 2 5 
44 ? 7 
i ö 1 0 «Wd 
.- 
P 5 1 vs 8 
" * ” 8 Ws. 
1 * ga : 
* 3 | 8 
n o 
3 4 8 4 4 
e a 4 A a \ 
* — 
PN " 5 Wa 1 0 
4 ö © N 7 bh L * 
— | % 
4 6 Y * 
= * y 
* 1 
* 1 , 
” 1 4 3 
vw : : 5 
N 2 9 ; FR) 1 * 
4 is 2 . P * 
8 9 0 
<A. * 
3 4 * 
* * 2 c 
4 p 7 4 . = * a 


* 
» 
- 4 7 
of 
oy 4 
1 
* 
4 
— 
4 
” 
” 
* . 
* o 
* 
4 * 
* * 
* * 


1 


* 


r ee eee eee eee eee e 


A PPP 
— A 
4 5 7 3 
=; * 


- 9 * 
” N 1 
+ 
= 
* N - 
*- 
* * . 
. 
* ? a 
* 
. 
- 
4 ” 
5 . 
— 1 
— * 
«4 
” 
» # 
© 4 
% 
* 
a * 
4 
Y o 
- 2 2 ied 
- 
g . ; 
. % 
% 
4 3 2 * 
” 9 5 
. LY * 
N * 
1 1 } -” 
. * * 
* * 1 
N — ws 
4 4 
% % T7 
* 
* 4 9 ; 
” = # 4 
” 7 % 
£ * * 


- * : 3 1 


F 
. = * if 
: 3k 
F 
9 * ' 9 
* r be 
4 7 7 4 
z 2 
4 : 
W-; 
; : 
FARE 17 
MC 
* 1 L 
1 
> * 
y , 
{ 4 8 + 
- ＋ 
- 
'% 
6 ! 
8 
* 
1 . # 
? . F s 
— * 2 — 
l 
: + * 
F 
* 
> 2 
. 
. 7 n 
wo 
4 THR 
* 


99 4 


"_ 9 w * . ” * F 
wy 
„ 7 
4 2 * 
4 
= * 
7 
= * - 
- F * 
3 6 $ 
0 
= +. 
4 4 4 s 73 
5 « 
4 
5 
* - 
* * — 
- 
7 * 
— x 
8 4 } 
1 - 
. a 4 7 
bs : 
: FE ; 
i R , 
1 % > 


* 


» 


* 
2.00» 
. 
. 
Mz» 
PE 


" 
* 
. 
* 
% 
” 
” 
r 
o 
* 
- 
- 
= 
* X 
4 


4 "I 


— 
” 
* 
— 
. 
8 
* 
tn 
5 % 
c 
. 
, 4 
7 
4 
0 
—_— . 
—— 
, 
\ * 
— 
i; 
#3. 
7 
p 
e 
— 


e 


LE Sa 


. . K ˙ $4)" A 0 a3 ” 7 — 


vo [ur Je. 


— 


Go 


r HO apo ITT oo 


A Ff, OI SARI» 9. - 


* 


. HCATITE., GUY rn 97 RL Ve Se As Ps 


? 
e U HY > 1 


e 


SY 


- 


* 
1 
* 
- 
„ 


: 
WIR. 


— 


_ 


— 
4 
PPP 


1 
1 
5 
a | 
: 
; } 
* 
* 1 
| . 
Fi . 
« | 
2 1 44.4 
e ; 
1 c N 
= 1 * 
LYK 
1 0" 
* þ 1 * a 
* — 
Sf | 
4 8 | 
74 , 
; 4 $. ö 
| 1 
« Þ hy Y 
3 
7 
\ f 


PR : 
1 
. 
Ws 
- . 
2 * * 2 
* * 
. 8 i 
: * , 
„ = 0 : 7 
5 4 


, 
* 
# 6 
Py 
» 
$ 
* 4 45 
73 * SOS 


bas, * * 


E a = i . 
2 EE Rn EE ER RES In Cor 

2 3 b ; 

P _— 


= 7 „ F "of 2 1 oe IST _ % +, L — —_ "y o 4 - * 5 ms 5 1 = = l 
- 4 + + * - - 5 | a | : | . 
& . y * * * a1 1 : 4 8 - - « . Fe — £ * hr S e - x , 5 ed : 8 5 
FRE N ” ö 4 e 7 2 — - - 3 7 : "th Z — — > $44; 2 —— 8 — — 1 » — - ” — * — 1 p — " ; - * — 


A 
"SR — 
2 — 


— 
* 


— FIRE 
« 


—_— 6, Fr 2 — % Fas 


\ IL 
N 
g 


2294 ——— 
LO AAS — - "4. 
#2 324454 > Ar **244 £; 


— 
— 


= OD 
- 


: 
- 


a o 


— 
7 


+ 
3 
x * 
* 
4 
i 
7 


\» 5 
RW, 74 
. 


ede 


* 


4 £\ 
"A 
> 8 


EF 


* 
x 


x * 
fn 


WY 


N 


A 


» 


* 
* 


WA 

HIS. 
FE 
4 


1 0 
N * N i Wl 
1 


1 


I * 
by 


55 
* 


am Hit 


£55 


Pn” 


r 


— 


| 
i 


l 


$1 * 


aft * 
ol 
7 


N 1 . 4 


ee Sp 
„ 8 
SEW: 3 
yo Poona ns 
e 
222 1 


* 


- 
3 
- 
„ 
— 


« 4 , 
3 


2 


& 4 i 
bet ts 


— 
os. 5 WO 4 - - 3 Tae 2 — 
" 2 2 99 - 
0 ">> * — 7 ay * * * 
2 2 x « 3 42 K 
„ I A 
Ts we ö pus 0 


. . 


PE A 
* wr . 


NE 


4 


U 


EDEN GE 


tg 


on; 


SS 


470 


vl 


* 2 N 70 3 e * 


5 


2 


7 % 
* 9 o « 
5 ES ; I 
4 8 : 
* 
. 1 
* 
8 R 
oy 1 * 4 
* 
; - 
” * * ; 
"+ 2 a | 
7 " by Z 5 
jad * 8. * 1 
, ” - 
4 * x 
i ö o 


ag oh 


& 


as 

: 

* 
5 

* 

* 
. 
o 


1 


4 
4 


— 


© 
— oe od 
— 


* 
> 8 5 . z 
# A x 
1 
# > ! 
= 8 
+ . N 
* A 4 
* . * of 1 
5 * 
Fx JP. 4 : 
* * $ 
/ * 5 1 z 
12 - 1 5 8 
* 
24. "I" y 
2 . 
2 ; n 
a * : ” 
<2 


F 


ode, 


* 


— 


r 
— hn 
F 
1 
% 
* 
. 
— . 
Y 


. * 6 
wy 
- LY 4 
- 
. 
1. 
ao 
— 
* 


* 
— 
4 


”- 
* 

. 
= 


— 
Ts 
2 
* 
1 


* 
5 
- 
* 
” 


* 
e 
7 
You 
* 
— . . —— 


. 
* 8 ; 
7 l : 
83 - | 
1 
* — 
* : 
* 
4 ek F . 
LE 4 — * 
* * 
? *% ad 
* * : 
4 : 7 : 
J - ' 
. * — ” 
- - ; 
7 1 
s . - = 


* 
. 
— 
————— 


— 


7.4 
J \ 5 z . 
* 1 
” 
c 8 AL 2 7 4 
„ 
4 - 
0 2 - 
> 7 o La; * 
4 ” ? 4 
©% — 
, ” - % 
1 1 r pe ES , 5 2 
» - #4 4 d 
. 
- Ti 
2 4 
* 7 x 
- 1 2 _ 4 


